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Preface to the Thirtieth Edition 


This book has been thoroughly revised and updated as per the new scheme and syllabus prescribed 
by UPSC from 2017 onwards. The interview questions and answers portion has been enlarged to include 


latest type of interview questions. These have been arranged subject wise. It is hoped that student will 
find it more useful. 


From 2017 onwards (Preliminary/Stage I) Examination will have two papers. Paper I (common for 
all branches of Engineering) will be based on ‘General Studies and Engineering Aptitude’. Paper 
II, will be Engineering discipline specific. This book will serve the purpose for clearing Paper II. To 
cover requirements of Paper I, Author has written separate book on the subject—‘General Studies and 
Engineering Aptitude’. This book is now available in market. It has been written exclusively as per 
the prescribed syllabus. It contains sufficient theory portion followed by objective type questions and 
answers. It also contains solved Paper of 2017 examinations and a model test paper (fully solved). It is 
hoped that candidates will be greatly benefitted by this new book. 

The book has also been revised completely in accordance with the valuable suggestions received 
from the students as well as from the aspirants of the competitive examinations. 

Although every effort is exercised to make it error free; errors are inevitable in work of this 
magnitude. I look forward for the constructive comments, suggestions for improvement and correction, 


if any. 





R. K. JAIN 
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eversince the practice of multiple choice questions and answers was introduced by UPSC in 1978, the 
such questioning technique is on increase. Many organisations are using similar methods to judge the know 
candidates. Apart from simple multiple questions and answers, the other form of questioning has been in the Style of 
matching the two parts, selecting best combination out of several combinations from certain observations/elemen 
about any phenomenon, examining assertion and reason for truth or false, and Oetermenine whether BIVEN reason js the 
explanation for the assertion, filling blanks out of given choices, providing a single word(s) for a given statement ete 

Erom time to time, through several editions, attempt has been made to coverup maximum possible type of 
questions and also to cover as much area of mechanical engineering as possible. 


in order to enable quick review of the subject, important facts and information have been provided initially in 


the form of various chapters followed by statement/definitions of most of the commonly used terms. Multiple choice 
questions have been provided thereafter chapterwise and answers provided thereafter. 

Since the question paper covers a mix up of all the chapters, it is essential that after gaining insight into each 
chapter subjectwise, students gear up themselves to tackle entire field of mechanical engineering as a subject and 
accordingly eight model test papers of 180 questions each have been included. Answers have been provided for all the 
model test papers. Solved papers providing approach to solve alongwith detailed solutions for papers set in combined 


engineering services and civil services examinations from 2006 onwards have also been included. Several questions on — 


matching of the two parts, filling up blanks etc. have also been covered. 
Another addition to this edition of the book is a section on Interview preparation and short questions & answers 
generally asked in Interviews & viva-voce. It contains general guidelines to preparing for the interview followed by 


sample interviews. These guidelines and sample interviews would give the readers a fairly good idea of the type of | 


questions usually asked in the interviews. While the questions have been taken and framed from the question papers 
of various competitive examinations they will help the students understand what type of questions can be asked in 
interview relating to their subject. | 
it is hoped that students will continue to find this book will meet their requirement fully and serve their purpose. 
Any suggestions for further improvements shall be welcomed. As usual, this entire edition has been compiled an 
edited by Smt. Sunita Jain and valuable and constructive suggestions have been received from numerous teachers 
and students who had used this book over a decade due to which the present shape of the book has been possible. 
| will again look forward to receive constructive suggestions and comments which can further improve the utility 
of this book. 
R. K. JAIN 
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who inspired me to write it 
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IMPORTANT INFORMATION 


UPSC and other organisations have now started conducting objective type papers. In objective type of questions, 
the candidate is not required to write detailed answers. The questions are designed to measure not only knowledge 
but also understanding and powers of analytical and critical thinking, ability to apply knowledge to new situations and 


capacity to make judgements. For each question several possible answers are given and candidate has to choose one 
most suitable answer. 


The question paper is given in the form of a test booklet bearing number 1, 2, 3 ... etc. and a separate answer 
sheet Is also provided to the candidate. The number of the booklet should be transferred to answer-sheet. The test 
booklet contains several questions, (about 200 questions to be answered in 2 hours) each given some number, and 
below each question, suggested answers marked (a), (b), (c) ... etc. are given. The candidate has to choose one correct 
answer. In case he feels there are more than one correct answers, he has to choose one best out of these, as in case 
of selection of more than one answers, his answer will be considered wrong. Answers are to be marked in the answer 
sheet only and nowhere else. In the answer sheet, the number of questions and the answers No. (a), (b), (c) ...etc. 
are printed against each question number. After the candidate has read a question in the test booklet and decided 
which of the given answers is correct or is the best, he has to mark the rectangle containing the better of the selected 
answer by blackening it nearly and completely with pencil to indicate the choice of his answer. For example, if he has 
chosen (c) as the correct answer to a question, the rectangle on which (c) is printed should be blackened against that 
question number. It is important to note that ink should not be used for blackening the rectangles on answer sheet as 
these are checked by an optical scoring machine which is insensitive to improper marking and may not be able to read 
blue marking. Accordingly it is essential that candidate uses only good quality HB pencil. If a wrong mark is made, it 
should be completely erased by a good quality eraser which does not blacken the paper further, and correct answer 
re-marked. The answer sheet should be properly handled so as not to fold or wrinkle, or spoil it. 


As the evaluation is done mechanically, all the instructions given in test booklet need to be read carefully and 
followed meticulously. . 


Although such a test stresses accuracy more than speed, it is important for candidates that they use their time 
as efficiently as possible. They should work steadily and as rapidly, as they can, without becoming careless. If any ques- 
tion is difficult, same must be slipped over without wasting much time on it, and pass on to the other questions and 
come back to difficult ones later, if time permits. It is also important to note that all questions have to be answered, 
there being no choice and each question carries equal marks. Marks are given only for correct answers, there being 
no negative marking for wrong answers. 


(ix) 
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oc Syllabus for Engineering Services Examination | 
UPSC Syl" cruitment to the services/posts mentioned below is he 
| vd, Aizwal, Allahabad, Bangaluru, Breilly, Bhopal, M 
hi, Dharwar, Dispur (Guwahati), Gangtok, Hyderabad, Imphal, I 
Chandigarh, Cochin, Cuttack, rong ngen dak Nagpur, Panaji (Goa), Patna, Portblair, R 
roll as reve aa At Trivandrum, Udaipur and Vishakhapatnam. 
Shillong, Shimla, Srinagar, Firupau, quest for change of centre will normally be granted. However wh 
The candidates should note TOR had indicated in his Application Form for the Examination 
rp evel ET the § jaaa Union Public Service Commission by Registered Post, giving 
y nee = lege ae en ts Such requests will be considered on merits but requests received ; 
e Office after 14th June, will not be entertained under any circumstances nor will such communic 
be replied to. 
Recruitment on the results of this examination will be made to following Services/posts. 
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Category I]—Mechanical Engineering 
Group ‘A’ Services/Posts 
(i) Indian Railway of Mechanical Engineers; 
(ii) Indian Railway Stores Service (Mechanical Engineering Posts); 
(iii ) Central Water Engineering Service (Mechanical Engineering Service) (Mechanical Engineering Posts): 
(liv) Central Power Engineering Service (Mechanical Engineering Posts); 
(v) Indian Ordinance Factories Service ( Engineering Branch) (Mechanical Engineering Posts); 
(vi) Indian Naval Armament Service (Mechanical Engineering Posts); 
(vit) Military Engineer Service (IDSE Electrical and Mechanical Cadre) (Mechanical E 


(viii) Central Electrical & Mechanical Engi j i 
l , gineering Service (Mechani 
(ix) Assistant Executive Engineer chanical Engineering P 


Service, Group-A, (Elect. & Mech.) (Mechanical Engineering Posts). 


ngineering Posts): 

osts); 

Border Roads Engineering 
(Mechanical Engg. Posts); 


Gia) Centea Engineer, ent of Telecom (Telecom Factori 


(xv) Workshop Officer b Pane sie Group ‘A’ (Mechanical Engineerin 
echanical Engg. Posts) in th 
e Co 


ae l 
xvi) Indian Supply Service Group ‘A’ (Mechanical Engg. Posts) 
. Posts 


Group ‘B’ Services/Posts 
nical Engineering Posts) in th 


es Organisation) 
g Posts) 


rps of E.M.E., Ministry of Defence. 


Conditions 
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(e) passed Associate Membership Examination Parts II and III/Sections A and B of the Aeronautical Society of 
India; or 


(f) passed Associate Membership Examinations (Sections A and B) of the Institution of Mechanical Engineers 
(India); or 


(g) passed Graduate Membership Examination of the Institution of Electronics an 
held after November, 1959. 


(IV) FEE : A candidate seeking admission to the Examination must pay to the C 








from any branch of the State Bank of India payable to the Secretary, Union 
or through crossed Indian Postal Orders payable to the Secretary, Union 
General Post Office. 

CANDIDATES BELONGING TO SCHEDULED CASTES/SCHEDULED TI 


Revision of Scheme and Syllabi of Engineering disciplines to be i 
Examination, 2017. 


REQUIRED TO PAY ANY FEE. 


emented from the Engineering Services 


Based on the recommendations of Expert Committees forme 
Government (Ministry of Railways) has conveyed its approVal t 
and syllabi of the Engineering Services Examination > imple 


ngineering Services Examination 


a 
Stage-I : | Engineering Service Preliminary/Stage-1) Examination (Objective Type Papers) 
Paper-I : Si dies and Engineering Aptitude Paper 2 hours duration 
(Common for all Candidates) | 200 Marks (max.) 
Paper-II : ngineering Discipline-Specific Paper 3 hours duration 
| 300 Marks (max.) 


qF Sub-Total 500 Marks (max.) 


Minimum fyi ırks for each Paper should be at the discretion of the Commission. 
e Only these c ~% idūtes qualifying at this Stage to be permitted to appear for Stage-II examination 


Stage-II : Engineering Services (Mains/Stage-II) Examination (Conventional Type Papers) 


Paper-I : Engineering Discipline-Specific Paper-I 3 hours duration 
300 Marks (max.) 
Paper-II : Engineering Discipline-Specific Paper-II 3 hours duration 
300 Marks (max.) 


Sub-Total 600 Markes (ma) 
Stage-I + Stage-II Sub-Total 1100 Marks (max.) 


Only those Candidates qualifying at this Stage (i.e., Stage-I + Stage-Il) to be permitted to appear for Stage-III 
examination 


Stage-III : Personality Test 200 Marks (max.) 
Stage-I + Stage-II + Stage-III | Grand Total 1300 Marks (max.) 


Only those Candidates qualifying at this Stage (i.e., Stage-I + Stage-II + Stage-III) to be included in the Final Merit 
List of Engg. Services Exam. Thus the marks secured by the candidates in the Stage-I (Objective type papers) of the 
Engineering Services Examination should be added to the marks secured in the Stage-II (Conventional type papers) 
of the Examination and Stage-III (Personality Test) and accordingly, such marks secured by the candidates in 
Stage-I should also be counted for merit. 


e Union Public Service Commission, the 
e following Structural changes in the scheme 
mented from the year 2017 onwards: 








Revised Scheme of the 
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Engineering Aptitude Paper (Stage-I, Paper.y), 





ntents of the General Studies and 
General Studies and Engineering Aptitude 
-I - Paper-I, Objective type, Common to all Candidates, 2 hours duration, 200 Marks maximum ) 


wing Topics will be set in Paper-I of Stage-I 
al and international importance relating to social, economic and industri a 


Broad Co 


(Stage 
The questions from the follo 
1. Current issues of nation 

development. 
_ Engineering A 
Engineering Mathematics and Numerical Analysis 
General Principles of Design, Drawing, Importance of Safety 


Standards and Quality Practices in Production, Construction, Maintenanc 
ervation, Environmental Pollution and Degradation, Climate 


ptitude Covering Logical Reasoning and Analytical Ability 


e and Services 


Basics of Energy and Environment : Cons 
Change, Environmental Impact Assessment 


7. Basic of Project Management 

8. Basic of Material Science and Engineering 

Information and Communication Technologies (ICT) based tools and their applications in Engineering such 
as networking, e-governance and technology based education. 


10. Ethics and Values in Engineering Profession 
Note: 
The paper in General Studies and Engineering Aptitude will include knowledge of relevant topics 
as may be expected from an engineering graduate, without special study. | 
Questions from all the 10 topics mentioned above shall be set. Marks for each Topic may range from 


5% to 15% of the total marks in the paper. 


UNION PUBLIC SERVICE COMMISSION, NEW DELHI 
ENGINEERING SERVICES EXAMINATION (ESE) SYLLABI 
Branch/Discipline: Mechanical Engineering 


Contents for syllabi of both the Papers together for Stage-I objective type Paper-II and seperately for Stage-II 
| Conventional type Paper-I and Paper-II 
PAPER-I 


1. Fluid Mechanics: 

Basic Concepts and Properties of Fluids, Manometry, Fluid Statics, Buoyancy, Equations of Motion, Bernoulli's 
equation and applications, Viscous flow of incompressible fluids, Laminar and Turbulent flows, Flow through pipes 
and head losses in pipes. 


2. Thermodynamics and Heat Transfer: 
oe e systems and processes; properties of pure substance; Zeroth, First and Second Laws of 
i a ning Entropy, Irreversibility and availability; analysis of thermodynamic cycles related to energy conver” 
on: eie ne, Otto, Diesel and Dual Cycles; ideal and real gases; compressibility factor; Gas mixtures. 
te mi rca a eae and unsteady heat conduction. Thermal resistance, Fins, Free and forced cma 
ons tor convective heat transfer, Radiative heat transer — lati -efficient; boilmg 
and condensation, Heat exchanger performance analysis. P= Heian, Heat LOER EA 


3. IC pa Refrigeration and Air conditioning: 
and CI i : 
Fuels; ep ar nar aoe and Components, Performance characteristics and testing of IC. 
pressors, Condensers. Eva at ontrol. Vapour compression refrigeration, Refrigerants and Working cyle 
Absorption, Vapour jet, hermosa nae = Expansion devices, Other types of refrigeration systems like 
chart, Comfort and ind tri sheds and Vortex tube refrigeration. Psychometric properties and processes, 
ustrial air conditioning, Load calculations and Heat pumps. 


Engines; 
S, Com- 
Vapour 
Comfort 


4. Turbo Machinery: 


Reciprocating and 
Reaction A ig ean pa eee ea heel, Kaplan and Francis Turbines, velocity diagrams, Im cating 
and Rotary Compressors ~ Theory and peniti of Jet Propulsion — Pulse jet and Ram Jet Engines, Recipr 





m _ 
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5. Power Plant Engineering: 

Rankine and Brayton cycles with regeneration and reheat, Fuels and their properties, Flue gas analysis, 
Boilers, steam turbines and other power plant components like condensers, air ejectors, electrostatic precipitators and 
cooling towers — their theor y and design, types and applications. 

6. Renewable Sources of Energy: 


Solar Radiation, Solar Therma] Energy collection — Flat Plate and focusing collectors their materials and per- 
formance. Solar Thermal Energy Storage, Applications — heating, cooling and Power Generation; Solar Photovoltaic 


ae Harnessing of Wind Energy, Bio-mass and Tidal Energy — Methods and Applications, Working principles 
of Fuel Cells. 


PAPER-II 
7. Engineering Mechanics: 


Analysis of System of Forces, Friction, Centroid and Centre of Gravity, Dynamics; Stresses and Strains-Com- 
pound Stresses and Strains, Bending Moment and Shear Force Diagrams, Theory of Bending Stresses-Slope and 
deflection-Torsion, Thin and thick Cylinders, Spheres. 


8. Engineering Materials: 


Basic Crystallography, Alloys and Phase diagrams, Heat Treatment, Ferrous and Non Ferrous Metals, Non 
metallic materials, Basics of Nano-materials, Mechanical Properties and Testing, Corrosion prevention and control. 


9. Mechanisms and Machines: 


Types of Kinematics Pair, Mobility, Inversions, Kinematic Analysis, Velocity and Acceleration Analysis of Planer 
Mechanisms, CAMs with uniform acceleration and retardation, cycloidal motion, oscillating followers; Vibrations — 
Free and forced vibration of undamped and damped SDOF systems, Transmissibility Ratio, Vibration Isolation, Critical 
Speed of Shafts. Gears — Geometry of tooth profiles, Law of gearing, Involute profile, Interference, Helical, Spiral and 
Worm Gears, Gear Trains—Simple, compound and Epicyclic; Dynamic Analysis — Slider- crank mechanisms, turning 
moment computations, balancing of Revolving & Reciprocating masses, Gyroscopes—Effect of Gyroscopic couple on 
automobiles, ships and aircrafts, Governors. 


10. Design of Machine Elements: 

Design for static and synamic loading; failure theories; fatigue strength and the S-N diagram; principles of the 
design of machine elements such as riveted, welded and bolted joints. Shafts, Spur gears, rolling and sliding contact 
bearings, Brakes and clutches, flywheels. 


11. Manufacturing, Industrial and Maintenance Engineering: 

Metal casting-metal forming, Metal joining, Machining and machine tool operations, Limits, fits and tolerances, 
Metrology and inspection, computer integrated manufacturing, FMS, Production planning and control, Inventory con- 
trol and operations research — CPM-PERT. Failure concepts and characteristics—reliability, Failure analysis, Machine 
vibration, Data acquisition, Fault Detection, Vibration Monitoring, Field Balancing of Rotors, Noise Monitoring, Wear 
and Debris Analysis, Signature Analysis, NDTT Techniques is Condition Monitoring. 


12. Mechatronics and Robotics: 

Microprocessors and Microcontrollers: Architecture, programming, I/O, Computer interfacing, Programmable 
logic controller. Sensors and actuators, Piezoelectric accelerometer, Hall effect sensor, Optical Encoder, Resolver, In- 
ductosyn, Pneumatic and Hydraulic actuators, stepper motor, Control Systems—Mathematical modelling of Physical 
systems, control signals, controllability and observability. Robotics, Robot Classification, Robot Specification, notation; 
Direct and Inverse Kinematics; Homogeneous Coordinates and Arm Equation of four Axis SCARA Robot. 


Scanned by CamScanner 





( xil ) 


titude Paper (Stage. 


ts of the General Studies and Engineering Ap I, Paper. 


i D a 
General Studies and Engineering n , l 
(Stage-I — Paper-I, Objective type, Common to all ae —_ uration, 200 Marks mag J 

aili i . . ° $ e- u 
The questions from the following Topics will be set in Paper-I of Stag ) . M) | 
q and international importance relating to social, economic and ; | 
Qdug. 
ty ! 





Broad Conten 


1. Current issues of national 
nt. E 

2; eee Aptitude Covering Logical Reasoning and Analytical Ability | 

3. Engineering Mathematics and Numerical Analysis 

4. General Principles of Design, Drawing, Importance of Safety | | 

5. Standards and Quality Practices in Production, Construction, Maintenance and Services 

6. Basics of Energy and Environment : Conservation, Environmental Pollution and Degradation Cli 
Change, Environmental Impact Assessment 

7. Basic of Project Management 

8. Basic of Material Science and Engineering ) 

9. Information and Communication Technologies (ICT) based tools and their applications in Engineerin 
as networking, e-governance and technology based education. 8 Such 

10. Ethics and Values in Engineering Profession 


Note: 

The paper in General Studies and Engineering Aptitude will include knowledge of relevant ton; 
as may be expected from an engineering graduate, without special study. Pies 
Questions from all the 10 topics mentioned above shall be set. Marks for each Topic may range from 
5% to 15% of the total marks in the paper. 


UNION PUBLIC SERVICE COMMISSION, NEW DELHI 
ENGINEERING SERVICES EXAMINATION (ESE) SYLLABI 


Branch/Discipline: Mechanical Engineering 


Contents for syllabi of both the Papers together for Stage-I objective type Paper-II and seperately for Stage-II 
| Conventional type Paper-I and Paper-II | 
PAPER-I 


1. Fluid Mechanics: 


Basic Concepts and Properties of Fluids, Manometry, Fluid Statics, Buoyancy, Equations of Motion, Bernoulli’s 


equation and applications, Viscous flow of incompressible fluids, Laminar and Turbulent flows, Flow through pipes 
and head losses in pipes. 


2. Thermodynamics and Heat Transfer: 


Thermodynamic systems and Processes; properties of pure Substance; Zeroth, First and Second Laws of 
Thermodynamics; Entropy, Irreversibility and availability; analysis of thermodynamic cycles related to energy conver- 
sion: Rankine, Otto, Diesel and Dual Cycles; ideal and real &ases; compressibility factor; Gas mixtures. 


, 


Modes of heat transfer, Steady and unsteady heat conduction. Thermal resistance, Fins, Free and forced convec- 
tion, Correlations for convective heat transfer, Radiative heat transer — Radiation heat transfer co-efficient; boiling 
and condensation, Heat exchanger performance analysis. 


3. IC Engines, Refrigeration and Air conditioning: 


SI and CI Engines, Engine System and Components, Performance characteristics and testing of IC. Engines: 
Fuels; Emissions and Emission Control. Vapour compression refrigeration Refrigerants and Working cyles, Com 
pressors, Condensers, Evaporators and Expansion devices, Other types of refrigeration systems like Vapour 
Absorption, Vapour jet, thermo-electric and Vortex tube refrigeration. Psychometric properties and processes, Comfort 
chart, Comfort and industrial air conditioning, Load calculations and Heat pumps a 


4. Turbo Machinery: 


d 
Reciprocating and Rotary pumps, Pelton wheel, Kaplan and Francis Turbines, velocity diagrams, Imp aa ees 
Reaction principles, Steam and Gas Turbines, Theory of Jet Propulsion — Pulse jet ave Ram Jet Engines, Reciproca® 
and Rotary Compressors — Theory and Applications. 
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Syllabus for GATE Exams. 


GENERAL APTITUDE (GA) | : dG 7 
Verbal Ability: English Grammar, Sentence Completion, Verbal Analogies, Word Groups, Instructions 
er : 
ing and Verbal Deduction. | l l , , 
a "anal Ability: Numerical Computation, Numerical Estimation, Numerical Reasoning and Data y, 
um ° 


pretation. 


ENGINEERING MATHEMATICS 
Linear Algebra: Matrix algebra, Systems of linear equations, PIRAN values ani Eigenvectors. 
Calculus: Functions of Single Variable, Limit, continuity and Differentiability, Mean value theorems, Eval, 

ation of definite and improper integrals, Partial derivatives, Total derivative, Maxima and Minima, Gradient, Diva 


gence and Curl, Vector identities, Directional derivatives, Line, Surface and Volume integrals, Stokes, Gauss ay 
Green’s theorems. 


Differential Equations: First order equations (linear and nonlinear), Higher order linear differentia] equ 
tions with constant coefficients, Cauchy’s and Euler’s equations, Initial and boundary value problems, Laplace trans 
forms, Solutions of one dimensional heat and wave equations and Laplace equation. 

Complex Variables: Analytic functions, Cauchy’s integral theorem, Taylor and Laurent series. 


Probability and Statistics: Definitions of probability and sampling theorems, Conditional probability, Mean 
Median, Mode and Standard Deviation, Random Variables, Poisson, Normal and Binomial] Distributions. 


Numerical Methods: Numerical solutions of linear and non-linear algebraic equations Integration by trap- 
ezoidal and Simpson’s rule, single and multi-step methods for differential equations. 


APPLIED MECHANICS AND DESIGN 


l ! analysis of plane mechanisms; dynamic analysis 
of slider-crank mechanism; gear trains; flywheels. 

. Vibrations: Free and forced vibration of single degree of freedom systems; effect of damping; vibration isola 
tion; resonance, critical speeds of shafts. | 


i ae a 7 static and dynamic loading: failure theories; fatigue strength and the S-N diagram; print 
ptes ot the design of machine elements such as bolted, rivet d . ; liding 
contact bearings, brakes and cuides ed and welded Joints, shafts, spur gears, rolling and s 
FLUID MECHANICS AND THERMAL SCIENCES 


Fluid Mechanics: Fluid properties: 
mentum and energy; flui 


i ; diff . . ies 
viscous flow of ince erential equations of continuity 
pipes, bends ete. 


and through Pipes; thermal boundary layer; effect of tarile 
S; heat exchanger performance, L 


( xiv ) 
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Thermodynamics: Zeroth, First and Second laws of thermodynamics; thermodynamic system and process- 
es; Carnot cycle, irreversibility and availability; behaviour of ideal and real gases, properties of pure substances, 
calculation of work and heat in ideal processes; analysis of thermodynamic cycles related to energy conversion. 

Applications: Power Engineering: Steam Tables, Rankine, Brayton cycles with regeneration and reheat. I.C. 
Engines: air-standard Otto, Diesel cycles. Refrigeration and air-conditioning, Vapour refrigeration cycle, heat pumps, 
gas refrigeration, Reverse Brayton cycle; moist air: psychrometric chart, basic psychrometric processes. Turbomachinery: 
Pelton-wheel, Francis and Kaplan turbines — impulse and reaction principles, velocity diagrams. 


MANUFACTURING AND INDUSTRIAL ENGINEERING 


Engineering Materials: Structure and properties of engineering materials, heat treatment, stress-strain dia- 
grams for engineering materials. 

Metal Casting: Design of patterns, moulds and cores; solidification and cooling; riser and gating design, design 
considerations. 

Forming: Plastic deformation and yield criteria; fundamentals of hot and cold working processes; load estima- 
tion for bulk (forging, rolling, extrusion, drawing) and sheet (shearing, deep drawing, bending) metal forming pro- 
cesses; principles of powder metallurgy. 

Joining: Physics of welding, brazing and soldering; adhesive bonding; design considerations in welding. 

Machining and Machine Tool Operations: Mechanics of machining, single and multi-point cutting tools, 
tool geometry and materials, tool life and wear; economics of machining; principles of non-traditional machining pro- 
cesses; principles of work holding, principles of design of jigs and fixtures. 

Metrology and Inspection: Limits, fits and tolerances; linear and angular measurements; comparators; 
gauge design; interferometry; form and finish measurement; alignment and testing methods; tolerance analysis in 
manufacturing and assembly. 

Computer Integrated Manufacturing: Basic concepts of CAD/CAM and their integration tools. 

Production Planning and Control: Forecasting models, aggregate production planning, scheduling, materi- 
als requirement planning. 

Inventory Control: Deterministic and probabilistic models; safety stock inventory control systems. 

Operations Research: Linear programming, simplex and duplex method, transportation, assignment, net- 
work flow models, simple queuing models, PERT and CPM. 
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A fluid is a substance that is capable of flowing, 
conforms to shape of containing vessel, deforms continuously 
when it is subjected to even a smallest shear stress. An ideal 
fluid is frictionless and incompressible. For Newtonian fluids, 
there is a linear relation between the magnitude of applied 
shear stress and the resulting rate of deformation. Viscosity 
is that property ofa fluid by virtue of which it offers resistance 
to shear. Unit of viscosity is poise or 1 gm/cm/sec. 

0.1 Ns 


l poise = 5 
m 





). The absolute viscosity of water at 
20.2°C is 1 centipoise and of air is 0.17 centipoise. 


1 
l centipoise = —— poise |. 
| pone = Too P 
Kinematic viscosity is the ratio of absolute or 
dynamic viscosity and the density. Its unit is stoke which is 
equal to 1 cm*/sec. Viscosity is practically independent of 
pressure and depends upon temperature only. 


Shear stress = ų E y = coefficient of viscosity Pa s 
x 


(Ns/m? )). 


du is known as velocity gradient or rate of shear 


dx 
strain and it is zero for fluids at rest. The law which states 


that shear stress is proportional to “ is called Newton’s 


law of viscosity. Fluids following this are known as 
Newtonian fluids and others non-newtonian fluids. An ideal 
fluid offers no resistance to flow but real fluid does. Thus 
viscosity is zero for ideal fluid but not for real fluid. 


du \" 
For non-newtonian fluids, shear stress -a(S +B, 


where, A, B and n are constants. 

Liquid molecules are attracted to each other by equal 
forces in all directions. However on the surface, they are 
subjected to an inward attraction which is not balanced by 
the outward attraction. This causes the liquid surface to seek 
a minimum possible area by exerting surface tension tangent 
to the surface over the entire surface area. Surface tension 
is expressed as force per unit length. Small amounts of salt 
dissolved in water tend to increase the electrolytic content 
and hence the surface tension. Organic matter like soap 
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decreases the surface tension in water. Surface tension of 
water is 74.16 dyn/cm at 0°C, 71.32 at 20°C, 60.71 at 90°C. 

The phenomenon of rising water in a tube of smaller 
diameter dipped in water, is called capillarity of water. 

The capillary rise of water in a tube, may be calculated 
from the formula 

46 cos Q 
7 w.d 
where, h = capillary rise, d = inner diameter of the tube, 
ao = angle of contact of water surface, 
o = force of surface tension in N/m per unit length of 
the periphery. 

Pressure difference between inside and outside of a 
liquid drop of dia ‘d’ is 4 o/d, between jet of dia ‘d’ and of unit 
length 20/d, and for soap bubble Ap = 8o/d. 

The force per unit area exerted by water on the sides 
and bottom of its container is called water pressure. The 
intensity of pressure at any point in water, is proportional to 
its depth from the surface, i.e. p = wh. 
where, w is the value of specific weight of water and h is the 
depth of the point below water surface. 

According to Pascal’s law, the intensity of pressure 
at any point in a fluid at rest, is the same in all directions. 

The compressibility of a liquid is expressed by its 


bulk modulus of elasticity K, which is equal to F, Ei . Capillary 
v/v 





attraction is caused by surface tension and by the relative 
value of adhesion between liquid and solid to cohesion of the 
liquid. Ifa liquid has greater adhesion than cohesion, it would 
wet the surface. 

Gauge pressure is measured with reference to 
atmospheric pressure and absolute pressure is measured with 
reference to complete vacuum. 

Absolute Pressure = Atmospheric Pressure + Gauge 

Pressure 

Local atmospheric pressure can be measured by a 

mercury barometer or by an aneroid barometer. 


For differential manometer shown in Fig. 1.1. 


ha—hg=h,S,+hS, + hS; 
where S,, S,, S, are the applicable specific gravities of the 
liquids in the system. 
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Fig. 1.1. Differential manometer. 


The continuous impingement of vapour molecules on 
the liquid surface creates a pressure on the liquid surface 
known as the vapour pressure, 

In a closed system, water vaporises rapidly in regions 
where the pressure drops below the vapour pressure, ‘This 
phenomenon is known as cavitation, The vapour bubbles 
formed in cavitation usually collapse in a violent manner, 
which may cause considerable damage to the system, 

According to Paseal’s law, a pressure applied at any 
point in a liquid at rest is transmitted equally and 
undiminished is all directions to every other point in the 
liquid. 

Variation of static pressure dp/dy = py ; gauge pressure 
at depth A4 is = wh. 

The total hydrostatic pressure force on any 
submerged plane surface is equal to the product of the surface 
area and the pressure acting at the centroid of the plane 
surface. 

For a horizontal area subjected to static fluid pressure, 
the resultant force passes through the centroid of the area. 
The magnitude of force exerted on one side of a plane area, 

submerged in a liquid is the product of the area and the 
pressure at its centroid. The point where the resultant force 
acts is known as centre of pressure. 

The centre of pressure of any submerged plane surface 
is always below the centroid of the surface. 

_ The location of centre of pressure yp in case of 
Vertically immersed plane surface is given by 


G = 


fy = = + 
Ji J.A y 





where, J, = M.I. of area through centroid axis parallel to 
liquid surface. 
and y= Depth of C.G. of the area below liquid surface. 
A = Area. 


Centre of pressure on an inclined immersed plane 
Surface 


Ig sin’ 0 = 
Yp= Ay TI 


Xp = x, if the area is symmetrical about the centroid 
axıs parallel to the x-axis. If not, 


and 


’ 
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=/ 


where, Za, a 


vy “A 
k S produe ol inortia 
llorizontal componont OF prossuro 
nurlaco in oqual to tho pronnuro foreo ox 
ol the curved nurtiee, Tho v 


forco on n Curved 
, erled on n Projection 
! ertieal plane of Projection | 

normal to Che direction of the vortical component, 


The vertical component of proniure force on a cu 
nurfaco in oqual to tbo weight of liquid vertically above t 
curved nurfaco and extending up to tho free nurfnco, Lins a 
netion oF Che vertical foreo pannon through the centroid of th 
volumo, roal or imaginary, Chat extends above the tuna 
surface upto the roal or imaginary (ree surfaco, 


lor horizontal surtiee, P = wha 


Moree on verticnl nurfneco, 1 


| 
Wha, 
') 


sa 


Depth of contre of pressure from freo surface s 2h, 
4 


According to Archimedes, the weight ofa submerged 
body is reduced by an amount equal to the weight of the liquid 
displaced by the body, 

A flouting: body is partially submerged due to the 
balance of the body weight and the buoyancy force, 

Buoyant foree is the resultant force exerted on a body 
by a statie Auid in which itis submerged or floating, Buoyant 
force nets through the centroid of the displaced volume of 
Quid, known as centre of buoyancy, This holds good for both 
submerged and Mounting: bodies, 

A body has linear stability when a small linear 
displacement in any direction sets up restoring forces tending 
to return the body to its original position, A body may float 
in stable, unstable or neutral equilibrium, A submerged body 
is rotationally stable only when its c.g. is below the centre of 
buoyancy. 

The stability of a floating, body is determined by the 
relative position of the centro of gravity of body and the centre 
of buoyance (centre of gravity of the liquid volume displaced 
by the body). 

Metacentre ‘M’ is the point where the buoyant force 
and the centre line intersect, When a body is given a small 
angular displacement, it starts oscillating about sf rea ien 
Body is stable, when M is above G, unstable when M eo 
G, and in neutral equilibrium when M is at G. The disti 
between the metacentre and c.g. 18 known as metacentric 


height. 


A o between c.g. and 
Metacentric height = y7 Distance between c.g 


centre of buoyancy 
I= M.1. of the plan of floating | 


V = Volume of submerged body in water. p 
i l i -y force action Meets 
The line of vertical buoyancy force 


i tween 
axis of symmetry at metacentro. Distance Laie 
metacentre and centre of gravity 1s r A A i A 

it i a ofthe floatation stability © , 
and it is a measure of the Í pean ye | he 
floating body is stable if centre of gravity 1s below 


ody at water surface 


and 
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metacentre, otherwise it is unstable. A submerged body is 
stable if the centre of gravity is below the centre of buoyancy. 

Forced vortex motion is constituted when a fluid 
rotates about an axis, moving as a solid, and every particle 
of fluid has same angular velocity. In free-vortex motion, each 
particle moves in a circular path with a speed varying 
inversely as the distance from the centre. For free vortex 
v x r= constant. 

In forced vortex motion, the vertical depth varies as 
the square of the radius from centre, and accordingly the 
surfaces of equal pressure are paraboloids of revolution. The 
shape of paraboloid depends only upon the angular velocity. 

l l WR? 

Depression (or rise) of liquid in forced vortex = ES 

& 

The volume of water which flows through a section of 
a channel or pipe per second, is known as discharge. 

According to fundamental equation of liquid flow, 
or equation of continuity of liquid flow, if an incompressible 
liquid flows continuously through a pipe or channel, the 
discharge remains the same irrespective of the areas of cross- 
section. 

The path followed by a fluid particle in motion, is called 
path line. 


Laminar 
flow 








Turbulent 
flow 





Fig. 1.2. Velocity profile. 


The imaginary line, tangent to which, at any point 
indicates the direction of motion at that point, is called stream 
line. | 

The instantaneous positions of all fluid particles which 
have passed through a given point, is called streak line. 

The line joining the points of equal potential on 
adjacent flow lines, is called potential line or equipotential 
line. 

The pattern obtained by the intersection of stream 
lines and potential lines, is called flow net. 

The flow in which the velocities of liquid particles at 
all sections of the pipe or channel are equal, is called uniform 
flow. This generally refers to flows in channels. 

The flow in which velocities of liquid particles at all 
sections of the pipe or channel are not equal, is called a non- 
uniform flow. 

The flow in which the quantity of liquid flowing per 
second is constant is called steady flow. 

The flow in which the quantity of liquid flowing per 
second is not constant is called unsteady flow. 

The flow in which paths of individual particles of liquid 
do not cross each other, is called stream line flow or laminar 
flow. For laminar flow, Reynold’s number is less than 2000. 





3 


The flow in which paths of individual particles cross 
each other and particles do not have definite paths, is called 
turbulent flow. For turbulent flow, Reynold number is more 
than 4000. 

The flow whose stream lines may be represented by 
straight lines, is called one-dimensional flow. 

The flow of liquid whose stream lines may be 
represented by a curve, is called two-dimensional flow. 

The flow of liquid, whose stream lines may be 
represented in space along three mutually perpendicular 
axes, is called three dimensional flow. 

According to Reynold, the transition from laminar to 
turbulent flow in a pipe depends on velocity (V), pipe diameter 
(D) and kinematic viscosity (y) of the fluid. 

DV 
Reynolds number = Eg 

At critical Reynolds number of 2000 flow, starts 
changing from laminar to turbulent. 

Rate of energy loss in pipe flow varies as a function of 
the Reynolds number and the roughness of the pipe. 

According to continuity equation 

Flow Q = AV = A V= 4V, 
According to Bernoulli’s equation 
Vig Ph Ve Pan, 
28 Pg 28 pg 
According to Darcy-Weisbach formula 
Liy 
m=r(5) 2 
where, h,= energy loss through friction in pipe line, 
f = friction factor 
L and D = length and diameter 
V = velocity 
The sum of the potential head, kinetic head and 
pressure head of a liquid particle, is called its total head 1.e. 


2 


U 
H=Z+—+ P. metres of liquid 
2f W 


According to Bernoulli’s theorem, for a perfect 
incompressible liquid flowing in a continuous flow, the total 
energy of a particle remains the same; while the particle 
moves from one point to another. Mathematically, 

2 


U 
Z+ — + P = constant 
2g w 


| Discharge in pipes may be determined either by 
inserting a venturimeter or an orifice meter. 


and 


Discharge through venturimeter 





a 
Q=C,a,v,=C,. (2gh . 
a; — 2% 


a, and a, are areas before and at throat 
C, is the coefficient of discharge of the venturimeter. 
Pitot tube is used to measure velocity of fluid in a pipe 


or channel, V=C, /2gh. 
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Orifice is a smaller opening on the side or at bottom 
of a tank. Mouthpiece is a short length ofa pipe is 2—3 times 
its diameter in length, fitted in a tank of vessel containing 
the fluid. 

The various hydraulic coefficients are: 

Coefficient of contraction. The ratio of the area of 
the jet at vena-contracta to the area of the orifice opening, is 
known as coefficient of contraction. Its average value is taken 
as 0.64. 


Coefficient of velocity, The ratio of the velocity of 
the jet at vena-contracta to the theoretical velocity, is known 


as coefficient of velocity. Its average value is taken 0.97. In 
x 
terms of coordinates (x, y) for vena-contracta, C, = DH’ 


H = height of fluid in tank. 


Coefficient of discharge. The ratio of actual 
discharge through an orifice to the theoretical discharge, is 


known as coefficient of discharge. Its average value is taken 
as 0.62. 


Coefficient of resistance. The ratio of loss of head 
in the orifice to the head of water available at the orifice 
exit, is known as coefficient of resistance. It is treated equal 
to zero for all practical purposes. 


In laminar flow, fluid particles move along smooth 
paths in laminar, or layers, with one layer gliding smoothly 
over an adjacent layer. The losses in laminar flow vary 
proportional to velocity. 





Vy; ——» ee VD 
Ne 
Fig. 1.3 


Viscosity. In fluids there is cohesion and interaction 
between molecules which results in a shear force between 
adjacent layers moving at different velocities and between a 
moving fluid and a fixed wall. This results in friction and 
loss of energy. In laminar flow the shear stress between 
adjacent layers parallel to the direction of flow is proportional 
to the velocity gradient. Thus shear stress 
s, = constant ad = i 
dy dy 


where, V = velocity, y = distance normal to flow, and ji s 
dynamic viscosity 


Force to move flat plate over fixed plate of area A 
(Fig. 1.4) 
F=s A=pu4 Y 
y 


Dynamic viscosity (u) 
Density (p) 


(Ns/m?), Kinematic 


Kinematic viscosity, v = 
Dynamic viscosity: ML-!T-! 
viscocity: L?T-! (m?/ s) 
Viscosity of water at room temperature is 
u = 10-8 Nsm~?, and v = 10-6 m?2s-! 
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Moving flat 





Fixed plate 


Fluid velocity profile 


8uL , and 


maximum velocity V „ = 2V. 


Fig. 1.4 
For laminar flow in circular pipes, flow 
4 
-p 2 
Q=n SPL Pair and mean velocity V = (Py - p2)r 
8 


For laminar flow between flat plates, flow 


= (pi = powt mean velocity V = {Py ~ Pa)t” and 
12L 12uL 


maximum velocity V, 


= 
ay, 


=. 
i 


Eg 


"E 


— 


Fig. 1.5 


For flow through annulus (small gap), (Fig. 1.5) 


__t _ 2 2, 2, (R*-r*) 
n 
, Q 
and mean velocity V = ————— 
2 velocity mR? 3) 


In turbulent flow (most prevalent in engineering 
practice) the fluid particles move in very irregular paths. It 
sets up greater shear stresses throughout the fluid and causes 
more irreversibilities or losses which are proportional to 
square of velocity. 


According to continuity equation 
PVA, =P gv, A, 
p = density, v = velocity, A = Area 


According to Bernoulli’s theorem 


2 
U5 p: 


-ie dp aee 


1” 2g Wa 


vi 
2g 


(p = pressure, w = sp. wt., Z = elevation) 


Pi 


+Zo+ Losses 
Ww) 
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W 


Fig. 1.6 


Q 


For pipes in series, the pressure loss is the sum of the 


individual losses: 
Pressure loss p; = Dry + Dp t... 





— Ll, — , —_4 


Fig. 1.7 


The mass flow rate is the same in all pipes, i.e. 
m = m; = Mp = etc. 


where, m = pA,v,, etc. kgs“ 


For pipes in parallel, the pressure loss is the same in 


all pipes: 
Pressure loss Pr=Pp = Pp = ete. 
The total flow is the sum of the flow in each pipe: 
Total flow m =m; + m+... 
Lı vi 


U 
where, pq = iT p J” Pr = 4hr P >> ete. 
1 


ih 
m 
a 


2 m» 


1 
a (as. ae, ia 
E 


Head loss due to pipe enlargement 
V/+Ve 
e 2g 
where, value of K, = 0.39 for a = 10°, 
1.06, for a = 40° and 1.0 for 30° (Fig. 1.3) 

In open channel flow, hydraulic radius 

Water cross-sectional area 

~ Wetted perimeter 


Weirs, Vee notch and channels. For unsuppressed 
weir, [Fig. 1.8 (a)], Flow Q = 2.95C, (b — 0.2H)H*° 


For suppressed weir, [Fig. 1.8 (b)], Flow Q = 3.33 b H15 


For V-notch [Fig. 1.8 (c)], flow Q = 2.36 C, tan Spes 


where, C q = discharge coefficient 
For open channels, [Fig. 1.8 (d)], Mean velocity 


V=CJmi and flow rate Q = VA 





(d) 
Fig. 1.8 


m = hydraulic mean radius = A/P 
l = slope of channel 


C = constant = 87/[1 + (Kim )] 


Value of K is 0.16 to 0.28 for brick and stone surface, 
and 1.30 for natural earth. 


A = flow area 

P = wetted perimeter 

Best hydraulic section is one with the least wetted 
perimeter. 

The best hydraulic trapezoidal section is a half- 
hexagon. 

Hydraulic jump in an open channel is an abrupt 
reduction in flow velocity by means of a sudden increase of 
water depth in the downstream direction. 
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Hydraulic jump occurs when a rapidly flowing 
stream of liquid in an open channel suddenly chengos to : 
slowly flowing stream witha larger cross-sectional at ea ane 
a sudden rise in elevation of liquid surface occurs. This is 
the example of steady non-uniform fow. It is very effective 
device for creating irreversibilities and is commonly used at 
the end of chutes or the bottom of spillways to destroy much 
of kinetic energy in flow. 

Any obstruction of a stream flow over which water 
flows can be called a weir. 

Ifthe downstream water level rises over the weir crest, 
the weir is said to be submerged. 

A spillway is an essential part of a large dam and 
provides an efficient, safe means of releasing flow water that 
exceeds the design capacity of the reservoir. 

Culverts are built at the point of lowest valley to pass 
water across the embarkments of highways or railroads. 

Standpipe is used principally for alleviating the 
transient pressure in large pipe line systems. It acts as a 
pressure relief valve for the upstream pipe during the turbine 
shut off. Water hammer effects are also diminished 
noticeably. 

Dimensional analysis. The analysis of the basic 
relationship of the various physical quantities, involved in 
the static and dynamic behaviours of water flow in a hydraulic 
structure is known as dimensional analysis. 

Similarity between hydraulic models and prototype 
may be achieved in three basic forms: 

(i) Geometric similarity implying similarity of form. 

(ii) Kinematic similarity implying similarity in motion. 

(iii) Dynamic similarity implying similarity in forces 
involved in motion. 

Dimensionless parameters permit limited 
experimental results carried in laboratories to be applied to 
actual big size objects in fluids of different properties. The 
five most important parameters used in correlating 
experimental data are: 

(t) Pressure coefficient 





— Ap _ Pressure _ ApxA _ Pressure force 
pu" Dynamic pressure _ pv“ A ~ Inertial force 
2 2 
Ap Ap 
PE sp. wt. Ah 

_ uje a v _ v? 
2g 2g 2g 


4 . P . 
N pT pipe flow the Darcy-Weisbach equation relates 
sses h, to 4 ipe i i 
y 1 ength of pipe L, diameter D, and velocity v by a 
Imensionless friction factor f 





(ti) Reynolds number : 
_ PLD _ Inertial force 
H Viscous force 


A critical Reynolds number is the demarcation 
between laminar and turbulent flow in pipe. 
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(iti) Froude number : 


v? v’pA Dynamic force 
gl glpa Weight 
Froude number decides whether the free liquid-surface 
flow is rapid or tranquil depending on whether Froude 
number is greater or less than unity. It is useful] in 
‘calculations of hydraulic jump, in design of hydraulic 
structures, and in ship design. 


(iv) Weber number : 





v*lp Inertial force 


o  Surfacetension force 

[tis important at gas-liquid or liquid-liquid interfaces 
and also where these interfaces are in contact with a 
boundary. 


(v) Mach number = v/JK/p 


It is a measure of the ratio of inertial forces to elastic 
forces and is very important when velocities are near or above 
local sonic velocities. (K = bulk modulus of elasticity). 

Model studies are big aid to the designer, These 
permit visual observation of flow and make possible the 
obtaining of certain numerical data and picture of behaviour 
of actual big size models by conducting tests on models in 
laboratories. For obtaining accurate quantitative data from 
model study, there must be dynamic similitude between 
model and prototype. For this purpose there must be exact 
(i) geometric similitude and (ii) kinematic simlitude ie., the 
ratio of dynamic pressure at corresponding points must be a 
constant. Geometric similitude refers to the actual surface 
roughness of the model and prototype. For dynamic pressures 
to be in the same ratio at corresponding points in model and 
prototype, the ratios of various types of forces must be the 
same at corresponding points. 

For laminar flow through circular tubes and circular 
annuli, 


128uLqQ 


Ap = 
i nD’ 
where, u = coefficient of viscosity, L = length, Q = flow rate, 
D = pipe diameter. 


AL v* 

D 2g 

r ° > . “fe an 
lime for discharge from an orifice of area ‘a 1n 4 


cylindrical vessel of cross-sectional area A to fall from height 
H, to H, is 





Also, head loss h, =f 


eget KT, <4, ) 


y € 
Cy, .aJ2g 
Sj i] . ô z ` = f A and A 
milar time in case of two vessels of area A, 2 
interconnected together 


2A, Ay (JH, - JH) 
~ (A, + Ag) Cy .a ¥2g 
Notch is a device used for measuring the rate of flow 
of a liquid through a small channel. A weir is a concrete OF 


masonary structure placed in the open channel over which 
the flow occurs. 
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Flow over rectangular/weir or notch of length L and 
depth H is 


2 
Q=3C, V2g L.H”. 


Flow over triangular weir or notch of semi-angle 6 and 
water depth H is 


8 
Q-—C. 22 tani”. 
is ¢ 


The error in discharge due to error in measurement 


of H for rectangular and triangular notch/weir is = = sa 
(odH n 
and 5G, Tespectively. 


Flow over broad crested weir of length L and water 
depth over weir before the weir H is 


Q = 1.7 C} L - H”? 
Hydraulic gradient or hydraulic slope 
Head lost due to friction 
Total length of pipe 
Hydraulic mean depth or hydraulic radius 
_ Area of cross-section (A) 
‘Total length of pipe 


(surface in contact with water) 
According to Darcy equation 


h f PI v d fi 7 thi > 
Aa 5p or pipe this 1s 
; afi ù 
f D 2g 


According to Chezy’s formula 


v = ymi , C = Chezy’s constant. 
The losses of head in pipes are 


0.5v? 
2g 





(i) Loss at the entrance = 


b 


2 


U 
(ii) Loss at the outlet = —— 
2g 


2 
2g-d 
(iv) Total loss of head in a pipe flow 
0.5v? v? 4 flv” 
2g 2g 2g-d 
where, v is the velocity of flow, / is the length of pipe, d is 


diameter of pipe and f is fundamental resistance per unit 
area. 





(iii) Loss due to friction = 








= 


For maximum power transmitted by a nozzle, the head 


1 
loss due to friction should be 3rd of supply head. 


| For maximum power transmission by a nozzle, the 
diameter d may be obtained from the formula, 





Dê 1/4 
i-am, 


where, D = Diameter of main pipe, 
L = length of the pipe, and 
f = Darcy’s coefficient of friction 


Again, for maximum power transmission by a nozzle, 
the ratio of the area of the pipe to the area of the nozzle is 


related by 
A_ [ex 
a D 


The pipes of different diameters connected with one 
another to form a pipe line, is called a compound pine or 
pipes in series. 


$ l 
Total head loss = R CE E a. a 
3 (dd dz h d, 
where, l, l», l}, ... l, are the lengths of individual portions 
and d,, dp, d,, ... , d, are the diameters of the respective 
portions. 


The pipe of uniform diameter which may replac« a 
compound pipe, keeping the loss of head and discharge sane, 
in both cases, is called equivalent pipe, and its diameter is 
called equivalent size of the pipe. 

Let, d,, d,, dy, ...,d, be the diameters 

lL la lz, ...,¢, be the iength of various pipes 

L and D, the length and diameter of the equivalent 
pipe 
then a oe a E 
D? dj dy d3 


n 


| 
d, 





4 
For Laminar flow in a circular pipe, 8 = m [Pi= Pe) 
8u L 
Water Hammer. Water hammer is caused due to 
sudden stoppage of water flow in a pipe. Sudden stoppage 
results in a pressure wave which moves upstream with 
velocity of sound in the medium which is reflected back and 
forth until dissipated by friction and imperfect elasticity. 


Rise of pressure (p) due to sudden stopping of flow in 


a pipe 
efi 5. Z) 
w\k tE 
where, v = velocity of flow in pipe of diameter D, thickness t 
and coefficient of elasticity E 


K = coefficient of bulk modulus of fluid, and 
w = specific weight of fluid. 


Surge tanks are used to relieve the pipe line of 
excessive pressure. 


Flow in Pipes 

The following conditions must be satisfied in a network 
of pipes : 

(i) The algebraic sum of the pressure drops around 
each circuit must be zero. 
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(ii) Flow into each junction must be equal flow out of 


the junction. 


(ttt) The Darcy equation must be satisfied for each pipe 
i.e. proper relation between head loss and discharge must be 


maintained for each pipe. 


According to momentum equation, the net force acting 
on a fluid mass is equal to the change in momentum per 


second in that direction. 
Isothermal flow in pipe (Refer Fig. 1.9 (a)) 
Pressure drop: 


D? Pi D? 
Mass flow m = p, V; 10I = pr Va 





Fig. 1.9 (a) 
Flow through orifice (Refer Fig. 1.9 (b)) 


Mass flow m = C4 





where, n = p/p}; Pı =p,/RT, 


= S9 
Maximum flow when n = Ar i = 0.528 for air. 
y+ 


where, y= c,/c,, 
R= cas constant, C} = discharge coefficient 
y2 
Drag D = C} Ap EE p = fluid density; A = frontal 


area; V = fluid velocity. 

The drag coefficient (non-dimensional drag) is equal 
to the drag force divided by the product of velocity pressure 
and frontal area. 


Ty, Pa» Py P2 
Fig. 1.9 (b) 


Velocity of sound in a gas 


V, = /w/p =JyRT, 












Y 


S 


Mach number M = 


Kinematics of fluid motion 





where, v i de 
? = 77% =r > 
r 8 dt 


dt 


Acceleration in three-dimensional flow : 


a = — — as 
Z oat ox oy oz 
General equation of continuity with Cartesian 
coordinates (x, y, z) 


op. op . ƏP ap of H+ +H) 0 
ak y ee y a 


For incompressible fluid and steady motion 


For 3D flow, ob me, S05 
Ox oy dz 
. e gu dv d for one- 
For two-dimensional flow, — +— = 0, an 
ox oy 
dimensional flow, — ou =0 
ox 


ical 
General equation of continuity with cylendr! 


coordinates (r, 0, z) is 


op lod ld d )=0 
= 2 ) + — (pu, 

ot "Sor (P e 39 P dz 

For incompressible fluid, 


lo lov , z -0 


E a ae „ spherical 
General equation of continuity wit 





coordinates (r, 0, ) 3 
, -0 
dp 1a Li | 2 gg sin 200) 
woe +t | Zon a 
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Streamline has differential equation dx _ dy | 
For steady flow a,=v du/ds, and a, Lp. w 
For unsteady Has a, = dv/ot + v dv/ds, a, =v iù 
where, v = velocity igan to stream line, t 
a, = tangential acceleration and 
a, = normal acceleration, 
r = radius of stream line, and 
uv, = velocity normal to stream line. 
Acceleration in two-dimensional flow 
pea a aa aa ov 
at ax y t May FYE 
In polar coordinates: 
Radial acceleration, a, = v, oY, + Up Oe v 
or roð r’ 
Tangential acceleration, a, = ve +p, Wo Vi 
ð or 


ant. Sek N 












(ii) Flow into each junction must be equal flow out of 


the junction. 

(iii) The Darcy equation must be satisfied for each pipe 
l.e. proper relation between head loss and discharge must be 
maintained for each pipe. 

According to momentum equation, the net force acting 
on a fluid mass is equal to the change in momentum per 
second in that direction. 

Isothermal flow in pipe (Refer Fig. 1.9 (a)) 


Pressure drop: 





8fLV? 
sp i-is 
Ap =P; | za 
, p“ Py D’ 
Mass flow m = PV, Ba = RT Vi are . 


Ip4, V, f 









Fig. 1.9 (a) 


Flow through orifice (Refer Fig. 1.9 (b)) 





y-1 


— 


Mass flow m = CA 2] ppn’ 1-n 
Y — 





where, n = PAP; P} =p,/RT, 
Mi a 
y- 


Maximum flow when n = Fest ; = 0.528 for air. 
TF 


where, y= c/e., 
R = gas constant, C q = discharge coefficient 


2 


V 
Drag D = C} Ap “yt Pe fluid density; A = frontal 


area; V = fluid velocity, 


The drag coefficient (non-dimensional drag) is equal 
to the drag force divided by the product of velocity pressure 


and frontal area. 


Ty, P1: Py Po 
Fig. 1.9 (b) 


Velocity of sound in a gas 


V, = Vw?/p = JRT, 


MECHANICAL ENGINEERING 


Mach number M = > 


S 


Kinematics of fluid motion 

Streamline has differential equation s = T 

For steady flow a, =v ðv/ðs, and a,„=v?/r 

For unsteady flow a, = dv/dt + v dv/ds, a, = du Òt + y2/, 
where, v = velocity tangent to stream line, 

a, = tangential acceleration and 

a, = normal acceleration, 

r = radius of stream line, and 
v= velocity normal to stream line. 
Acceleration in two-dimensional flow 
du du Ou dv doa av 
n= oe oe ay 7 X p wy 
In polar coordinates: 


2 
du, g dv, Up 





Radial acceleration, a, = v.— + -— 
rT Or Orda r 
Tangential acceleration, Ay =U. Ug +0, Ug r U,Ug 
08 r 
where dr dO 
3 0 as t= ains 
r dt? 9" at 


Acceleration in three-dimensional flow : 


Gp hg a ae 
22 8 OY, tw d 
oe ae a oe 


General equation of continuity with Cartesian 
coordinates (x, y, z) 


P pup, yO, (du, Ww, dw) 
at Ox dy dz P ox oy @ E 


For incompressible fluid and steady motion 


For 3D flow, dw ou | dw | 
ox oy dz 


For two-dimensional flow, ou + ov = 0, and for one- 
dx oy 


ou 


dimensional flow, = 
K 


General equation of continuity with cylendrical 
coordinates (r, 0, z) is 





op la 1d d 
ie Beraad , te ane =0 
ot ror $9, 4 r 00 pup dz oY) 
For incompressible fluid, 
1 Q 1 dUg du, as 
are r 00 i oz = 


General equation of continuity with spherical 
coordinates (r, 0, ġ) 


ə 1a 


= m v.. 2 
ot rèa T 


2 1 g ; 
— | 3) 
r +4 | Zeon sin @) + 
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FLUID MECHANICS 


For incompressible fluid, 





1 d 2 1 ð Ov 
—= —(v, . ) + — j btd = 
r° or CET sin 8 3 Soe do | ‘ 
If the flow is axisymmetric, then 
1 a 9 
r? Or Wrot 


Circulation, T = pV.ds=$V cos ð ds = 





2 (Up sin 0) = 0 


) + — 
rsin 8 00 


$ (ui +u) + wh) . (dei + dy Ì + dz h) = f (udx + vdy + wdz) | 


where, = represents the line integral taken around the 


closed curve in anticlockwise direction. 
V = total velocity ; 
ds = elemental length, 
0 = angle between V and ds. 


Vorticity (€) 
£ = dr ðw v 
* dydz dy az’ 
dr du ðw 
Sy ~ dzdx dz dz’ 
adr ð du 


In polar coordinates, 
cL rd 


6z ~ or roð 


E 


For a circular boundary, € = 2, (œ = constant angular 


speed of rotation) 
For an irrotational flow, € = 0. 
Dynamics of Fluid Flow 
Euler’s equations of motion 


Dt ot ox a dz p dx 
Dv du du ðv Qu 1 dp 
— =— +u— +v— tw — =Y -- 
Dt at ox ay dz p oy 
Dw ðw ow ow ow 1 dp 
— = — +u— +v— +w— =Z -- 
Dt ot ox dy dz p dz 


D oni , 
Ti = total derivative ; X, Y, Z = body forces per unit mass 


along x, y and z respectively. 


Boundary Layer Flow 
Nominal thickness, 
y'= ò for u = 0.99 U 
U = free stream velocity 
Displacement thickness, 


ð u 
* ——_—- 
i jl i)a 


Momentum thickness, 





Relationship between the three thicknesses, 
§ = 36* = 7.5 0 
Energy thickness, 


Sou g“ 
= | —|1l-— ld 
a= | o U. a á 
Loss of energy per unit time, 
1 


For laminar boundary layer, 
8 5 


x j Re, 


Ux 





where, Re, = —— <5 x 10°, b = width of flow section. 
U 


ô 0.37 
Turbulent boundary layer, — = —~— 
urbu ry lay x Rel 


Refer Fig. 1.10 for boundary layer characteristics of a 


smooth flat plate. 
Limit of boundary 
layer 
— Velocity 
distribution 
Leading z 
edge Laminar 
sub-layer 
EE R ae 


Ka Turbulent ——~ 
. Transition | 


Fig. 1.10. Boundary layer on a smooth flat plate. 


Laminar 


Prandtl’s boundary layer equations : 


ou du du... 07u 
u— +v—=U,,—= +v 
ox oy dx oy" 
ou ov 0 
dx ð 


Momentum integral equation. 
For two-dimensional incompressible laminar or 


turbulent boundary layer, 


T _ @ arr iry GU 
; dg Un )+ 6*U_ dx 
For the x-direction, 
do 1 


ro = (20 T 6*) A 


dx pU2 
where, Tọ = shear stress at the solid boundary 
1 
Pressure distribution U oe == 5 se 


Laminar Flow 
(i) Steady flow through a circular tube (Fig. 1.11) 


i 1 /dP\ os > 
Velocity profile, u=- Ji í pale =r“) 


1 (42) r; 
U max. a 4u dx 0 
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Shear 
distribution 









S 

aa 
aoe 
Dw 
als." 


TOT TT AL ded dh E E D E E E A 





Velocity 
distribution 


Fig. 1.11. Steady flow through a circular tube. 


Fluid flow rate, 


0° 128uL 
(Hagen-Poiseuille equation), 
d=2R,, Ap = pressure drop. 
Shear stress at pipe wall, 








_ (2P \ Fo 
OTL) 2 
Average velocity through tube, 
z- _ AP Ro 
mR,  8uL 
Pressure drop, 
Suv L 32w L 
= R? = d2 


Energy loss per unit weight of fluid, 
Ap_3240L_64 L D? 


y pgd?  Re`d`2g 





Lp 64 
Head 1 h,=f.--— icti e 
ead loss, h,= f d 2p’ Friction factor, f = Re , where 
l vd 
Reynold’s number, Re = — 
U 
Stokes Law 


Force resisting the motion of a sphere through a 
viscous fluid, 


yA = 3nuvd 
where, v = velocity of sphere relative to undisturbed fluid, 
H = dynamic viscosity of fluid, 
d = diameter of sphere 


, d? 
T > = —— 
erminal velocity, v 18u (w, — w ) 


w, = specific weight of sphere ; 
w, = specific weight of liquid 
Drag and Lift 


Drag, F= | pdA sin 0, Lift, F; = | pdA cos 6 


where, 0 = angle between elementary area dA 
direction. hiii 


Pressure drag, Fp, = Í pdA, 


Fp 


1 


Drag coefficient, C, = =—-—, 


length L, 


Lift coefficient, C,= 





(u_ = free stream velocity) 


Laminar Boundary Layer Over a Flat Plate 











Boundary layer thickness, 
5x u 
ô = -= at — = 0.992 
Re, U„ 
. L7 
Displacement thickness, ô= io 
€z 
0.664 
Momentum thickness, 0 = : 
V Re, ' 
| 
0.332 
Local wall shear, Tj) = cs p U? 


ee ae ere a E 


U, l ; 
where, Re, = banal x = distance from leading edge 
* U 
Local friction drag coefficient, 
To 0.664 


C,= q — = 
f pu? Re, 


| 
l 
| 





Friction drag over one side of the plate of length L per 
unit width, Fp; = 0.664 p U2 JvL/U. | 


Average friction drag coefficient, 


= F U„L 
C; = 7 MA where, Re, = RE 
=puzL vRez 


2 
Turbulent Boundary Layer over a Smooth Flat Plate 
Blasius one-seventh power law, 
1/7 
K A 6 
U- (2) for Re, < 10 
Average velocity, 


v =0.817 U „= 0.817 U, 
Wall shear stress, 


—1/4 15 
To = 0.0233 Po U2 (==) = 0.0295 p U? (Re, J 
U 


0.379 x _ „45 
Boundary layer thickness, d= Re.) a 


Local skin friction coefficient C,= Re f 
x 
. . i te £ 
Friction drag per unit width for one side of pla 
Fp= 0.0368 L p U2 Rez” 
Average coefficient of friction drag; 
_ 7 
C; = a for 5 x 10° < Re, < io Bi 
Re; 4 
E 0.455 
(log jo Re; 
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Simultaneous Laminar and Turbulent Boundary o To 
Layers on a Flat Plate 


(Cy lisse 17.81 


= = = 0.35 fi = 5 
(Cy Veurb Re? ge Re, pay a 
Total friction drag —_—~ L 
0.074 1700|/1 ` 
Fyz] (iruz L) 








Rep? p Re, 
~ _ 0.074 1700 
a Rey” Rez 


Flow Past a Sphere 
. without fin _ h,A 
Deformation drag, Fp= 3m U_ <d ee a 


Drag coefficient dfin kP 
° g 4 Fin efficiency, 


Fig. 1.12. Extended surface. 


for Re, = 5 x 10° to 107 General solution of above equation is 
f-T=C,e™+C,e°™ 


























C= ; L 
DER, for R, 0.1 _ tan h(mL) ton pinih 
24 3 ae 
Cy 74 (143 re) for R, < 1.0 h 
tan h(mL) + c ) 
o4(. 3 "3 an e E 
Cp= 24 (14 Re) for R, upto 100. mL 1+ (e)tan him} 
Pressure distribution for an ideal fluid 
for rectangular fin 
PDs, 9 
Tye =1-— sin’6 Fin effectiveness, 
—p 
2 l l Heat flux from wall after adding fin 
where, 0 = angle measured anti-clockwise from the Ve — Beat flux from wall without in 
downstream stagnation point. 
A qx 
t oo! 
Steady State Heat paaeee ion LAT. T) 
(a) One-dimensional system: 
i ion. kP 
General Fourier equation of p conduction n= a ban OE irpan Swen 
T c 
As per Cartesian coordinates, = =O. r 
i tan h(mL) +( c 
dT 1dT _ [AP mk) ¢ 
As per cylindrical coordinates, —; + ——— = 0. i RĀ A or rectangular fin 
dr r dr c 1+ -)tan h(mL) 
. dT 2dT ii 
and as per spherical coordinates, — > + — z~“ 0. hA 
dr r ar If l < ) < 1 fin provides cooling effect. 
Heat transfer rates kP 
y iikA dT oe oe dT Unsteady Heat Conduction 
dx dr (a) Bodies of infinitely high thermal conductivity 
oo, eT oT (k > œ) 
(b) Two-dimensional systems, V?T = p i A. aT 
n ay Governing equation : p CV — =h A(T,- T) 
(Laplace equation) dt 
Its general solution is . i _._, T-T; _(h-AlpCV)t 
T = (C, sin àx + C, cos Ax) (C,e¥ + C,e-¥) Solution of this equation is T, T, TT; =e 
where A = eigen value and C,, C,, C, and C} are constants. 


where, T,= fluid temperature, 
Extended Surfaces 


T, = initial body temperature, 
Differential equation of heat transfer is 


T = temperature at any time, 





d°T 2 9 C = specific heat of the material, J/(kg. K), 
— 7 m*T=-m ii 5 
dx p = material density, kg/m” , 
= 2 
where, m2= a ,P= perimeter A = surface area, mî, 


V = volume of material, mè. 
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(b) Bodies with negligible convective resistance. 
Governing equation of heat transfer is, 


1 ƏT 32 3? 9? 
—~— = VT, V2 = — +t- + 
œ at fi dx? dy? dz? 


For one-dimensional heat flow system, 


MULTIPLE CHOICE QUESTIONS 


. Fluid is a substance that 

(a) cannot be subjected to shear forces 

(b) always expands until it fills any container 

(c) has the same shear stress at a point regardless 
of its motion 

(d) cannot remain at rest under action of any shear 


force 
(e) flows. 
. Fluid is a substance which offers no resistance to 
change of 
(a) pressure (b) flow 
(c) shape (d) volume 


(e) temperature. 

. Practical fluids 

(a) are viscous 

(b) possess surface tension 

(c) are compressible 

(d) possess all the above properties 

(e) possess none of the above properties. 
. Ina static fluid 

(a) resistance to shear stress is small 
(6) fluid pressure is zero 

(c) linear deformation is small 

(d) only normal stresses can exist 

(e) viscosity is nil. 

. A fluid is said to be ideal, if it is 

(a) incompressible (b) inviscous 
(c) viscous and incompressible 

(d) inviscous and compressible 

(e) inviscous and incompressible. 

. An ideal flow of any fluid must fulfill the following 
(a) Newton’s law of motion 

(6) Newton’s law of viscosity 

(c) Pascal’ law 

(d) Continuity equation 

(e) Boundary layer theory. 

. Ifno resistance is encountered by displacement, such 
a substance is known as 


(a) fluid (b) water 
(c) gas (d) perfect solid 
(e) ideal fluid. 


The volumetric change of the fluid caused by a resis- 
tance is known as 


In Cartesian coordinates, — 


MECHANICAL ENGINEERING — 


1T JT 


o o dx’ 


1oT FT Jar 


In cylindrical coordinates, — — = —-+—“4. 
a dt Or” rör 
, , 1 DT Zren ~r 
In spherical coordinates, — E ues + 20T 
o, dt or ror 





(b) volumetric index 
(d) adhesion 


(a) volumetric strain 
(c) compressibility 
(e) cohesion, 


. Liquids 


(a) cannot be compressed 

(b) occupy definite volume 

(c) are not affected by change in pressure and 
temperature 

(d) are not viscous 

(e) none of the above. 


. Density of water is maximum at 








(a) 0°C (b) O°K 
(c) 4°C (d) 100°C 
(e) 20°C. 
. Mass density of liquid (p) is given by 
Mass Metric 
( = —— (b) p= ; 
Mae Volume a m’ 
a2 
(c) p = kg ni (d) all of the above 
m 


(e) none of the above. 











. The value of mass density in kg sec?/m* for water at 
0°C is 
(a) 1 (b) 1000 
(c) 100 (d) 101.9 
(e) 98.1 
. Units of mass density is 
(a) kg/km (b) kg/m? 
(c) kg a (d) kg = 
m m 
(e) tei 
m 


. Property of a fluid by which its own molecules are 


attracted is called 
(a) adhesion 

(c) viscosity 

(e) surface tension. 


(b) cohesion 
(d) compressibility 


. Mercury does not wet glass. This is due to property 


of liquid known as 
(a) adhesion 

(c) surface tension 
(e) compressibility. 


(b) cohesion 
(d) viscosity 


ie 
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FLUID MECHANICS 


16. The property of a fluid which enables it to resist ten- 
sile stress is known as 
(a) compressibility 
(c) cohesion 
(e) viscosity. 


(b) surface tension 
(d) adhesion 
17. Property of a fluid by which molecules of different 
kinds of fluids are attracted to each other is called 
(a) adhesion 
(c) viscosity 
(e) surface tension. 
The specific weight of water is 1000 kg/m? 
(a) at normal pressure of 760 mm 
(b) at 4°C temperature 
(d) all the above 
19. Specific weight of water in S.I. units is equal to 
(a) 1000 N/m? (b) 10000 N/m? 
(c) 9.81 x 10° N/m? (d) 9.81 x 10° N/m? 
(e) 9.81 N/m’. 
20. When the flow parameters at any given instant re- 
main same at every point, then flow is said 
(a) quasi static (b) steady state 
(c) laminar (d) uniform 
(e) static. 
21. Which of the following is dimensionless ? 
(a) specific weight (b) specific volume 
(c) specific speed (d) specific gravity 
(e) specific viscosity. 
22. The normal stress in a fluid will be constant in all 
directions at a point only if 
(a) it is incompressible 
(6) it has uniform viscosity 
(c) it has zero viscosity 
(d) it is frictionless 
(e) it is at rest. 
The pressure at a point in a fluid will not be same in 
all the directions when the fluid is 
(b) viscous 
(d) inviscous and moving 


(b) cohesion 
(d) compressibility 


18. 


(c) at mean sea level 
(e) none of the above. 


23. 


(a) moving 
(c) viscous and static 
(e) viscous and moving. 
24. An object having 10 kg mass weights 9.81 kg ona 
spring balance. The value of ‘g at this place is 
(a) 10 m/sec? (b) 9.81 m/sec? 
(c) 10.2/m sec (d) 9.75 m/sec? 
(e) 9 m/sec’. 
25. The tendency of a liquid surface to contract is due to 
the following property 
(a) cohesion 
(c) viscosity 
(e) elasticity. 
The surface tension of mercury at normal tempera- 
ture compared to that of water is 
(a) more (b) less 
(c) same 
(d) more or less depending on size of glass tube 
(e) none of the above. 


(b) adhesion 
(d) surface tension 


26. 


27. 


28. 


29. 


30. 


ol. 


33. 


34. 





A perfect gas 

(a) has constant viscosity 

(b) has zero viscosity 

(c) is incompressible 

(d) is of theoretical interest 

(e) none of the above. 

For very great pressures, viscosity of most gases and 
liquids 

(a) remains same (b) increases 

(c) decreases 

(d) shows erratic behaviour 

(e) none of the above. 

Fig. below shows four curves A, B, C, D on a plot of 
viscous shear stress versus velocity gradient for three 
fluids, viz., newtonian, non-newtonian and ideal, and 
an ideal solid. For ideal solid, the curve applicable is 


D C 

Z 2 

a © 

25 

O vV 

O 

p 

> 

A 
Velocity gradient ——> 

(la) A (b) B 
(c) C (d) D 


(e) none of the above. 

In above Fig., for ideal fluid, curve applicable is 
(a) A (b) B 

(c) C (d) D 

(e) none of the above. 


In above Fig., for Newtonian fluid, curve applicable 
is 

(a) A (b) B 

(ce) C (d) D 


(e) none of the above. 


In above Fig., for non-Newtonian fluid, curve appli- 
cable is 

(a) A (b) B 

(c) C (d) D 


(e) none of the above. 

A fluid in equilibrium can’t sustain 

(a) tensile stress (b) compressive stress 
(c) shear stress (d) bending stress 

(e) all of the above. 


Viscosity of water in comparison to mercury 1s 
(a) higher (b) lower 
(c) same 


(d) higher/lower depending on temperature 

(e) unpredictable. 

The bulk modulus of elasticity with increase in 
pressure 

(a) increases 

(c) remains constant 


(b) decreases 
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41. 


42. 


43. 


44, 


45. 


(d) increases first upto certain limit and then 
decreases 
(e) unpredictable. 


. The bulk modulus of elasticity 


(a) has the dimensions of 1/pressure 

(b) increases with pressure 

(c) is large when fluid is more compressible 
(d) is independent of pressure and viscosity 
(e) is directly proportional to flow. 


. A balloon lifting in air follows the following prin- 


ciple 

(a) law of gravitation (6) Archimedes principle 
(c) principle of buoyancy (d) all of the above 

(e) continuity equation. 


. The value of the coefficient of compressibility for 


water at ordinary pressure and temperature in kg/ 
cm? is equal to 


(a) 1000 (b) 2100 
(c) 2700 (d) 10,000 
(e) 21,000. 


. The increase of temperature results in 


(a) increase in viscosity of gas 
(b) increase in viscosity of liquid 
(c) decrease in viscosity of gas 
(d) decrease in viscosity of liquid 
(e) (a) and (d) above. 


. Surface tension has the units of 


(b) Newtons/m2 
(d) Newtons 


(a) Newtons/m? 
(c) New tons/m 
(e) Newton m. 
Surface tension 
(a) acts in the plane of the interface normal to any 
line in the surface 
(6) is also known as capillarity 
(c) is a function of the curvature of the interface 
(d) decreases with fall in temperature 
(e) has no units. 
The stress-strain relation of the Newtoneon fluid is 
(a) linear (6) parabolic 
(c) hyperbolic (d) inverse type 
(e) none of the above. 
A liquid compressed in cylinder has a volume of 
0.04 m? at 50 kg/cm? and a volume of 0.039 m? at 
150 kg/cm’. The bulk modulus of elasticity of liquidis 
(a) 400 kg/cm? (b) 4000 kg/cm? 
(c) 40 x 10° kg/cm? (d) 40 x 10° kg/cm? 
(e) none of the above. 
The units of viscosity are 
(a) metres? per sec (b) kg sec/metre? 
(c) Newton-sec per metre? 
(d) Newton-sec? per metre 
(e) None of the above. 
Kinematic viscosity is dependent upon 
(a) pressure (6) distance 
(c) level (d) flow 
(e) density. 


46. 


47. 


48. 


49. 


50. 


5l. 


52. 


o3. 


54. 


55. 
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Units of surface tension are 

(a) energy/unit area (b) distance 

(c) both of the above (d) it has no units 

(e) none of the above. 

Which of the following meters is not associated with 


viscosity ? 
(a) Red wood (b) Say bolt 
(e) Engler (d) Orsat 


(e) none of the above. 
Choose the correct relationship 
(a) specific gravity = gravity x density 
(b) dynamic viscosity = kinematic viscosity x density 
(c) gravity = specific gravity x density 
(d) kinematic viscosity 
= dynamic viscosity x density 
(e) hydrostatic force = surface tension x gravity. 


Dimensions of surface tension are 

(a) M1L°T- 2 (b) MILOT! 

(c) M1L1T-2 (d) M'1L2T- 2 

(e) M1L°T!, | 

For manometer, a better liquid combination is one 
having 


(a) higher surface tension 

(b) lower surface tension 

(c) surface tension is no criterion 

(d) high density and viscosity 

(e) low density and viscosity. 

If mercury in a barometer is replaced by water, the 
height of 3.75 cm of mercury will be following cm of 
water 


(a) 51 cm (6) 50 cm 
(c) 52 cm (d) 52.2 cm 
(e) 51.7 cm. 


Choose the wrong statement. 

Alcohol is used in manometer, because 

(a) its vapour pressure is low 

(6) it provides suitable meniscus for the inclined 
tube 

(c) its density is less 

(d) it provides longer length for a given pressure 
difference 

(e) it provides accurate readings. 

Increase in pressure at the outer edge of a drum of 

radius R due to rotation at w rad/sec, full of liquid of 

density p will be 

(a) pw?R? 

(c) 2pw?2R? 

(e) none of the above. 

The property of fluid by virtue of which it offers re- 

sistance to shear is called 

(a) -urface tension 

(c; vohesion 

(e) all of the above. 

Choose the wrong statement 

(a) fluids are capable of flowing . 

(b) fluids conform to the shape of the containing 
vessels 


(b) pw2R2/2 
(d) pw?R/2 


(b) adhesion 
(d) viscosity 
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(c)when in equilibrium, fluids cannot sustain 
tangential forces 


(d) when in equilibrium, fluids can sustain shear 
forces 

(e) fluids have some degree of compressibility and 
offer little resistance to form. 

The density of water is 1000 kg/m? at 

(a) 0°C (b) 0°K 

(c) 4°C (d) 20°C 

(e) all temperature. 

If w is the specific weight of liquid and h the depth 


of any point from the surface, then pressure inten- 
sity at that point will be 


(a)h (6) wh 
(c) w/h (d) hiw 
(e) 1/wh. 


Choose the wrong statement 

(a) Viscosity of a fluid is that property which 
determines the amount of its resistance to a 
shearing force 

(b) Viscosity is due primarily to interaction between 
fluid molecules 

(e) Viscosity of liquids decreases with increase in 
temperature 

(d) Viscosity of liquids is appreciably affected by 
change in pressure 

(e) Viscosity is expressed as poise, stoke, or saybolt 
seconds. 

The units of kinematic viscosity are 

(a) metres? per sec (b) kg sec/metre? 

(c) Newton-sec per metre? 

(d) Newton-sec? per metre 

(e) none of the above. 

The ratio of absolute viscosity to mass density is 

known as 

(a) specific viscosity (b) viscosity index 

(c) kinematic viscosity (d) coefficient of viscosity 

(e) coefficient of compressibility. 

Kinematic viscosity is equal to 

(a) dynamic viscosity/density 

(b) dynamic viscosity x density 

(c) density/dynamic viscosity 

(d) 1/dynamic viscosity x density 

(e) same as dynamic viscosity. 


Which of the following is the unit of kinematic 
viscosity ? 

(a) Pascal (b) Poise 

(c) Stoke (d) Faraday 


(e) none of the above. 

A one dimensional flow is one which 

(a) is uniform flow (b) is steady uniform flow 
(c) takes place in straight lines 

(d) involves zero transverse component of flow 

(e) takes place in one dimension. 

Alcohol is used in manometers because 

(a) it has low vapour pressure 

(b) it is clearly visible 
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(c) it has low surface tension 

(d) it can provide longer column due to low density 
(e) is provides suitable meniscus. 

A pressure of 25 m of head of water is equal to 

(a) 25 kN/m? (b) 245 kN/m? 

(c) 2500 kN/m? (d) 2.5 kN/m? 

(e) 12.5 kN/m?. 

Specific weight of sea water is more that of pure 
water because it contains 
(a) dissolved air 

(c) suspended matter 

(e) heavy water. 

If 850 kg liquid occupies volume of 1 më, then 0.85 
represents its 

(a) specific weight 

(c) specific gravity 
(e) none of the above. 


(b) dissolved salt 
(d) all of the above 


(b) specific mass 
(d) specific density 


1.8 
V = 0.0022 t - Fa is the equation to determine ki- 


nematic viscosity of liquids by 

(a) Redwood viscometer 

(b) Engler viscometer 

(c) Saybolt universal viscometer 

(d) Newton viscometer 

(e) none of the above. 

Free surface of a liquid tends to contract to the small- 
est possible area due to force of 

(a) surface tension (b) viscosity 

(c) friction (d) cohesion 

(d) adhesion. 

A bucket of water is hanging from a spring balance. 
An iron piece is suspended into water without touch- 
ing sides of bucket from another support. The spring 
balance reading will 


(a) increase 

(c) remain same 

(d) increase/decrease 
immersion 

(e) unpredictable. 

Falling drops of water become spheres due to the 

property of 

(a) adhesion 

(c) surface tension 

(e) compressibility. 

A liquid would wet the solid, if adhesion forces as 

compared to cohesion forces are 

(a) less (b) more 

(c) equal 

(d)less at low temperature and more at high 
temperature 

(e) there is no such criterion. 

If cohesion between molecules of a fluid is greater 

than adhesion between fluid and glass, then the free 

level of fluid in a dipped glass tube will be 

(a) higher than the surface of liquid 

(b) the same as the surface of liquid 


(b) decrease 


depending on depth of 


(b) cohesion 
(d) viscosity 
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(c) lower than the surface of liquid 
(d) unpredictable (e) none of the above. 


74. The point in the immersed body through which the 


resultant pressure of the liquid may be taken to act 
is known as 

(a) meta centre 

(c) centre of buoyancy 
(e) none of the above. 


(b) centre of pressure 
(d) centre of gravity 


75. The total pressure on the surface of a vertical sluice 


gate 2 m x 1m, with its top 2 m surface being 0.5 m 
below the water level will be 


(a) 500 kg (è) 1000 kg 
(c) 1500 kg (d) 2000 kg 
(e) 4000 kg. 


76. The resultant upward pressure of a fluid on a float- 


ing body is equal to the weight of the fluid displaced 
by the body. This definition is according to 

(a) Buoyancy 

(6) Equilibrium of a floating body 

(c) Archimedes’ principle 

(d) Bernoulli’s theorem 

(e) Metacentric principle. 


77. The resultant upward pressure of the fluid on an 


immersed body is called 
(a) upthrust 

(c) centre of pressure 
(d) all the above are correct 
(e) none of above is correct. 


(6) buoyancy 


78. The conditions for the stable equilibrium of a float- 


ing body are 

(a) the meta-centre should lie above the centre of 
gravity 

(b) the centre of buoyancy and the centre of gravity 
must lie on the same vertical line 

(c) a righting couple should be formed 

(d) all the above are correct 

(e) none of the above is correct. 


79. Poise is the unit of 


(a) surface tension 
(c) viscosity 
(e) buoyancy. 
80. Metacentric height is given as the distance between 
(a) the centre of gravity of the body and the 
metacentre 
(b) the centre of gravity of the body and the centre of 
buoyancy 
(c) the centre of gravity of the body and the centre of 
pressure 
(d) centre of buoyancy and metacentre 
(e) none of the above. 


(6) capillarity 
(d) shear stress in fluids 


81. The buoyancy depends on 


(a) mass of liquid displaced 

(b) viscosity of the liquid 

(c) pressure of the liquid displaced 
(d) depth of immersion 

(e) none of the above. 


82. The centre of gravity of the volumo of the liquid dis 
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placed by an immersed body is called 
(b) contre of pronaure 
(d) contre of gravity 


(a) meta-centre 
(c) centre of buoyancy 
(e) none of the above, 


-A piece of metal of specific gravity 15.6 is placed jp 


mercury of specific gravity 13.6, what fraction of it 

volume is under mercury? 

(a) the metal piece will simply float over the 
mercury 

(b) the metal piece will be immersed in mercury by 
half 

(© whole of the metal piece will bo immersed with 
its top surface just at mercury level 

(d) metal piece will sink to the bottom 

(e) none of the above. 


84. The angle of contact in case ofa liquid depends upon 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


(a) the nature of the liquid and the solid 

(b) the material which exists above the free surface 
of the liquid 

(c) both of the above 

(e) none of the above. 

Free surface of a liquid behaves like a sheet and tends 

to contract to smallest possible area due to the 

(a) force of adhesion (b) force of cohesion 

(c) force of friction (d) force of diffusion 

(e) none of the above. 

Rain drops are spherical because of 

(a) viscosity (b) air resistance 

(c) surface tension forces (d) atmospheric pressure 

(e) none of the above. 


(d) any one of the above 


Surface energy per unit area of a surface is numeri- 
cally equal to 

(a) atmospheric pressure (b) surface tension 

(c) force of adhesion (cL) force of cohesion 

(e) viscosity. 

The capillary rise at 20°C in a clean glass tube of 1 
mm bore containing water is approximately 

(a) 1 mm (b) 5 mm 

(c) 10 mm (d) 20 mm 

(e) 30 mm. 

The difference of pressure between the inside and 
outside of a liquid drop is 
(a)p=Txr 

(c) p = T/2r 

(e) none of the above. 

If the surface of liquid is convex, then 

(a) cohesion pressure is negligible 

(b) cohesion pressure is decreased 

(c) cohesion pressure is increased 

(d there is no cohesion pressure 

(e) none of the above. 
To avoid vaporisation in the pipe line, the pipe line 
over the ridge is laid such that it is not more than 
(a) 2.4 m above the hydraulic gradient 

(b) 6.4 m above the hydraulic gradient 


(b) p = T/r 
(d) p= 21 ir 
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(c) 10.0 m above the hydraulic gradient 

(d) 5.0 above the hydraulic gradient 

(e) none of the above. 

To avoid an interruption in the flow of a syphon, an 
air vessel is provided 
(a) at the inlet 

(c) at the summit 

(d) ay any point between inlet and outlet 
(e) none of the above. 


(b) at the outlet 


The vapour pressure over the concave surface is 

(a) less than the vapour pressure over the plane 
surface 

(b) equal to the vapour pressure over the plane 
surface 

(c) greater than the vapour pressure over the plane 
surface 

(d) zero (e) none of the above. 


The property by virtue of which a liquid opposes rela- 
tive motion between its different layers is called 
(a) surface tension (b) co-efficient of viscosity 
(c) viscosity (d) osmosis 

(e) cohesion. 

The process of diffusion of one liquid into the other 
through a semi-permeable membrane is called 

(a) viscosity (b) osmosis 

(c) surface tension (d) cohesion 

(e) diffusivity. 

The units of dynamic or absolute viscosity are 

(a) metres? per sec (b) kg sec/metre 

(c) Newton-sec per metre? 

(d) Newton-sec? per metre 

(e) none of the above. 


The dimensions of coefficient of viscosity are 
(a) M1L- 17-1 (b) M- Ly = ip= 1 

(c) MILIT 1 (d) M- 1117! 

(e) M1L-!T". 


The continuity equation is connected with 

(a) viscous/unviscous fluids 

(b) compressibility of fluids 

(c) conservation of mass 

(d) steady/unsteady flow 

(e) open channel/pipe flow. 

The rise or depression of liquid in a tube due to sur- 

face tension with increase in size of tube will 

(a) increase 

(b) remain unaffected 

(c) may increase or decrease depending on the 
characteristics of liquid 

(d) decrease 

(e) unpredictable. 

Liquids transmit pressure equally in all the direc- 

tions. This is according to 

(a) Boyle’s law 

(c) Pascal’s law 

(e) Chezy’s equation. 


(b) Archimedes principle 
(d) Newton’s formula 





101. Capillary action is due to the 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


(a) surface tension (6) cohesion of the liquid 

(c) adhesion of the liquid molecules and the 
molecules on the surface of a solid 

(d) all of the above 

(e) none of the above. 

The rise or fall of head ‘h’ in a capillary tube of di- 

ameter ‘d’ and liquid surface tension ‘ o’ and specific 

weight ‘w’ is equal to 





(a) 2 (b) 4do 
wd Ww 
(c) 4wa (d) 4wo 
d 
(e) ae 
wo 


Newton’s law of viscosity is a relationship between 

(a) shear stress and the rate of angular distortion 

(b) shear stress and viscosity 

(c) shear stress, velocity and viscosity 

(d) pressure, velocity and viscosity 

(e) shear stress, pressure and rate of angular 
distortion. 

The atmospheric pressure with rise in altitude de- 

creases 

(a) linearly 

(b) first slowly and then steeply 

(c) first steeply and then gradually 

(d) unpredictable 

(e) none of the above. 

Pressure of the order of 10-7 1° torr can be measured by 

(a) Bourdon tube (b) Pirani Gauge 

(c) micro-manometer (d) ionisastion gauge 

(e) McLeod gauge. 

Operation of McLeod gauge used for low pressure 

measurement is based on the principle of 

(a) Gas law (b) Boyle’s law 

(c) Charle’s law (d) Pascal’s law 

(e) McLeod’s law. 

An odd shaped body weighing 7.5 kg and occupying 

0.01 mê volume will be completely submerged in a 

fluid having specific gravity of 


(a) 1 (b) 1.2 
(c) 0.8 (d) 0.75 
(e) 1.25. 


In an isothermal atmosphere, the pressure 


` (a) decreases linearly with elevation 


109. 


(b) remains constant . 
(c) varies in the same way as the density 
(d) increases exponentially with elevation 


(e) unpredictable. 
Mercury is often used in bar 
(a) it is the best liquid 


the height of barometer will be less 
sae so low that it may be 


ometer because 


(c) its vapour pressure is 
neglected 


(d) both (b) and (c) (e) it moves easily. 


Scanned by CamScanner 





110. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


Barometer is used to measure 
(a) pressure in pipes, channels etc. 
(b) atmospheric pressure 
(c) very low pressure 
(d) difference of pressure 

e) rain level. } 
baie of the following instrument aera ager 
measuring speed of a submarine moving 1n deep ! 
(a) Venturimeter (b) Orifice plate 

(c) hot wire anemometer (d) rotameter 

(e) pitot tube. 

Which of the following instrumen 
measuring speed of an aeroplane ? 

(a) Venturimeter (b) Orifice plate 

(c) hot wire anemometer (d) rotameter 

(e) pitot tube. 

Piezometer is used to measure 

(a) pressure in pipe, channels etc. 

(b) atmospheric pressure 

(c) very low pressures 

(d) difference of pressure between two points 

(e) flow. 

Which of the following instruments is used to mea- 
sure flow on the application of Bernoulli’s theorem ? 
(a) Venturimeter (b) Orifice plate 

(c) nozzle (d) pitot tube 

(e) all of the above. 

The speed of sound in a perfect gas is given by 


(a) | k (ratio of specific heat capacities) 
R (gas constant) x T (absolute temp) 
(b) JRT/R (c) JRR/T 


(d) VkRT (e) (RRT)?. 

= speed of sound in a ideal gas varies directly as 
its 

(a) pressure 

(c) density 

(e) absolute temperature. 
Speed of sound in water is equal to 


K(bulb modulus) 
(a) pa E J 
o(density) Oia Ke 


(e) Jo/K (d) K/o 
(e) o/K. 
Flow maters based on obstruction principle like ori 


fice plates can be used with Re ; 
ynold’s n 
approximately unuer spa 


between two points 


t can be used for 


(6) temperature 
(d) modulus of elasticity 


(a) 500 (6) 1000 
(c) 2000 (d) 4000 
(e) 10000. 


Dynamic viscosity of most of the liquids with rise in 
temperature 


(a) increases 
(c) remains unaffected 
(e) none of the above. 


(6) decreases 
(d) unpredictable 


ee ee 
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Dynamic viscosity of most of the gasei Oil 

temperature iy 

(a) increases (b) decreases 

(c) remains unaffected (d) unpredictam 

(e) none of the above. 

A metal with specific gravity of 6 floa 

of same specific gravity o will 

(a) sink to bottom 

(b) float over fluid 

(c) partly immersed t 

(d) be fully immersed with top surha 
surface a 

(e) none of the above. 

Which curve is applicable for the Newtonia 

Fig. below ? 


i 
” 
Jia 












a 
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ie 
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cung P : | 
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G Č 4 
i 
g a 
È 
7) 
. | 
—> Shear rate 
(a) curve A (b) curve B 
(c) curve C (d) curve D 


(e) none of the above. ‘ 
Euler’s dimensionless number relates the fol 
(a) inertial force and gravity 4 
(6) viscous force and inertial force 

(c) viscous force and buoyancy force 
(d) pressure force and inertial force 
(e) pressure force and viscous force. 4 
Fig. below shows the capillarity action in 4 
glass tubes for various liquids. : 


25mm 





» Capillary rise 
or depression 


For mercury, following curve holds 


(a) curve A 

(c) Curve C 

(e) none of the above. a of el. 

as tap water, following curve holds l d 
ig.) E 


(b) curve B 
(d) curve 


(a) curve 4 (b) curve B 


JN 
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(c) curve C (d) curve D 
(e) none of the above, 
— 
Mor distilled water at very low temperature follow- 
ing curve holds (Refer above Fig.) 
(b) curve B 


(d) curve D 


(a) curve A 

(c) curve C 

(e) none of the above. 
For distilled water at higher temperature, following 
curve holds (Refer above Fig.) 

(b) curve B 

(d) curve D 


(a) curve A 

(c) curve C 

(e) none of the above. 
Manometer is used to measure 

(a) pressure in pipes, channels etc. 

(b) atmospheric pressure 

(c) very low pressure 

(d) difference of pressure between two points 

(e) velocity. 

Which of the following manometer has highest sen- 
sitivity ? 

(a) U-tube with water 
(c) U-tube with mercury 
(d) micro-manometer with water 


(b) inclined U-tube 


(e) displacement type. 

In order to increase sensitivity of U-tube mano- 
meter, one leg is usually inclined by angle 0. Sensiti- 
vity of inclined tube to sensitivity of U-tube is equal 








to 
(a) sin O (b) aa 
(c) cos 0 (d) sos 0 


(e) tan 0. 
Working 
tester is based on 

(a) Pascal’s law 

(b) Dalton’s law of partial pressure 

(c) Newton’s law of viscosity 

(d) Avogadro’s hypothesis 

(e) second law of thermodynamic. 

The resultant of all normal pressures acts 

(a) at c.g. of body (b) at centre of pressure 
(c) vertically upwards (d) at metacentre 

(e) vertically downwards. 


Centre of pressure compared to c.g. is 
(b) below it 


principle of dead weight pressure gauge 


(a) above it 

(c) at same point 
(d) above or below depending on area of body 

(e) none of the above. 

Metacentric height is the distance between the 
metacentre and 

(a) water surface 

(c) centre of gravity 
(e) none of the above. 


(b) centre of pressure 
(d) centre of buoyancy 
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The resultant upward pressure of the fluid on an 

immersed body due to its tendency to uplift the sub- 

merged body is called 

(a) upthrust 

(c) buoyancy 

(e) centre of pressure. 

The centre of pressure of a surface subjected to fluid 

pressure is the point 

(a) on the surface at which resultant pressure acts 

(b) on the surface at which gravitational force acts 

(c) at which all hydraulic forces meet 

(d) similar to metacentre 

(e) where pressure equivalent to hydraulic thrust 
will act. 


(b) reaction 
(d) metacentre 


Buoyant force is 

(a) the resultant force acting on a floating body 

(b) the resultant force on a body due to the fluid 
surrounding it 

(c) equal to the volume of liquid displaced 

(d) the force necessary to maintain equilibrium of a 
submerged body 

(e) none of the above. 

The horizontal component of buoyant force is 

(a) negligible 

(b) same as buoyant force 

(c) zero 

(d) “buoyant force” x tan 8 

(e) none of the above. 

The force of buoyancy is dependent on 

(a) mass of liquid displaced 

(b) viscosity of fluid 

(c) surface tension of fluid 

(d) depth of immersion 

(e) centre of pressure. 

The line of action of the buoyant force acts through 

the 

(a) centroid of the volume of fluid vertically above 
the body 

(b) centre of the volume of floating body 

(c) centre of gravity of any submerged body 

(d) centroid of the displaced volume of fluid 

(e) none of the above. 

Centre of buoyancy is the 

(a) centroid of the displaced volume of fluid 

(b) centre of pressure of displaced volume 

(c) c.g. of floating body 

(d) does not exist 

(e) none of the above. 

A body floats in stable equilibrium 

(a) when its meatcentric height is zero 

(b) when the metancentre is above c.g. 

(c) when its c.g. is below it’s centre of buoyancy 

(d) metacentre has nothing to do with position of 
c.g. for determining stability 

(e) none of the above. 
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143. A piece weighing 3 kg in air was found to weigh 2.5 
kg when submerged in water. Its specific gravity 1s 


(c) 7 (d) 6 
(e) 12. 


144. A vertical wall is subjected to liquid (of specific weight 
‘w’) pressure on one side. If h be height of liquid sur- 
face, then total pressure on wall per unit length is 


(a) wh ey 2 
9 
2 
a2 d wh 
2 3 
(e) wh? 


145. The total pressure on the wall in above case acts at 
following distance from liquid surface 


h h 
2 3 
(c) 3" (d) z7” 
2 
(e) g” 


146. The total pressure on a horizontally immersed sur- 
face (of surface area A) with its c.g. at a depth x 
from liquid surface in a liquid of specific weight w is 


(a)w-A (b)w-x 
(e) wAx. 


147. If the surface in above case is inclined at angle 0 
with the liquid surface, then total pressure on the 
immersed surface will be 


(a) wAX 

(c) wAx sin® 

(e) wAx sec 8. 
148. The location of resultant force acting on a body sub- 

merged in water (i.e., depth of centre of pressure) 


(b) wAx cos 
(d) wAx tan®@ 


will be 
F 
(a) hg + —& b) hn + “GA 
a: 
(ce) ho- 7E d) hgt ZE 
C7 he Mgt A 
A 
(e) hat —— 
° hola 
where, g= depth of the centroid of the surface, 
A = area. 


I, = M.I. of the surface about an axis lying 
in the surface, passing through its 
centroid, and parallel to the free 
surface. 


149. The centre of pressure for a vertically immersed 
surface lies at following distance from c.g. 


IG below 


(a) 





I 
b) —& above 
( yA 


ee ee M a 
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Ahg 


d 
ae 


below 





(c) 0 


Ahg 
Ig 
The depth of centre of pressure for an immersed Sur. 
face inclined at angle 6 with the liquid surface lieg, 
at following distance from c.g. 


above. 


(e) 





ae i em E Sl vnc ee LART 





Ig sin? 0 Ig sin? 8 | 
SU Del (6) ———- ab 
(a) Ah; elow Alc above | 

| 
(c) — below (d) ue 2 above | 
(e) 0. | 


The total pressure force on a plane area is equal ty i 
the area multiplied by the intensity of pressure at | 
the centriod, if | 
(a) the area is horizontal (b) the area is vertical 
(c) the area is inclined (d) all of the above 
(e) none of the above. 


A square surface 3 m x 3 m lies in a vertical line in 
water with its upper edge at water surface. The hy- 
drostatic force on square surface is 

(a) 9,000 kg (b) 13,500 kg 

(c) 18,000 kg (d) 27,000 kg 

(e) 30,000 kg. 

The depth of the centre of pressure on a vertical rest- 
angular gate 8 m wide and 6 m high, when the 
water surface coincides with the top of the gate, is 


(a) 2.4m (6) 3.0m 
(c) 4.0 m (d) 2.5 m 
(e)5.0 m. 


If the atmospheric pressure on the surface of an oil 

tank (sp. gr. 0.8) is 0.2 kg/cm?, the pressure at a depth 

of 50 m below the oil surface will be 

(a) 2 metres of water column 

(b) 3 metres of water column 

(c) 5 metres of water column 

(d) 6 metres of water column 

(e) 7 metres of water column. 

Metacentre is the point of intersection of 

(a) vertical upward force through c.g. of body and 
centre line of body 

(b) buoyant force and the centre line of body 

(c) mid point between c.g. and centre of buoyancy 

(d) all of the above 

(e) none of the above. 

Choose the wrong statement tic 

(a) The horizontal component of the hydro-sta 
force on any surface is equal to the norma 
on the vertical projection of the surface the 

(6) The horizontal component acts through 
centre of pressure for the vertical projechoz rc 

(c) The vertical component of the hydrostatic 0 
on any surface is equal to the weight 0 
volume of the liquid above the area p the 

(d) The vertical component passes throug 4 
centre of pressure of the volume 


ia 
2 
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(e) Centre of pressure acts at a greater depth than 
centre of gravity. 


157. For a body floating in a liquid the normal pressure 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


exerted by the liquid acts at 

(a) bottom surface of the body 

(b) c.g. of the body (c) metacentre 

(d) all points on the surface of the body 

(e) all of the above. 

Choose the wrong statement 

(a) any weight, floating or immersed in a liquid, is 
acted upon by a buoyant force 

(b) Buoyant force is equal to the weight of the liquid 
displaced 


(c) The point through which buoyant force acts is 
called the centre of buoyancy 


(d) Centre of buoyancy is located above the centre of 
gravity of the displaced liquid 

(e) Relative density of liquids can be determined by 
means of the depth of flotation of hydrometer. 

According to the principle of buoyancy a body totally 


or partially immersed in a fluid will be lifted up by a 
force equal to 


(a) the weight of the body 

(b) more than the weight of the body 

(c) less than the weight of the body 

(d) weight of the fluid displaced by the body 

(e) weight of body plus the weight of the fluid 
displaced by the body. 

When a body floating in a liquid, is displaced slightly, 

it oscillates about 

(a) c.g. of body 

(c) centre of buoyancy 

(e) liquid surface. 

Buoyant force is 

(a) resultant force acting on a floating body 

(b) equal to the volume of liquid displaced 

(c) force necessary to keep a body in equilibrium 

(d) the resultant force on a body due to the fluid 
surrounding it 

(e) none of the above. 


(b) centre of pressure 
(d) metacentre 


Ratio of inertia force to surface tension is known as 
(a) Mach number (b) Froude number 

(c) Reynold’s number (d) Weber’s number 

(e) none of the above. 

A ship whose hull length is 100 m is to travel at 10 
m/sec. For dynamic similarity, at what velocity 
should a 1:25 model be towed through water ? 

(a) 10 m/sec (b) 25 m/sec 

(c) 2 m/sec (d) 50 m/sec 

(e) 250 m/sec. 

A model of a reservoir is drained in 4 mts by opening 
the sluice gate. The model scale is 1: 225. How long 
should it take to empty the prototype ? 

(a) 900 minutes (b) 4 minutes 

(c) 4 x (225)? minutes (d) 4(225)"3 minutes 


(e) 4x 4225 minutes. 
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A model of torpedo is tested in a towing tank at a 
velocity of 25 m/sec. The prototype is expected to at- 
tain a velocity of 5 m/sec. What model scale has been 
used ? 


(a) 1<5 (b) 1:2.5 
(c) 1:25 is 
(e) 1:532., 


Ratio of inertia force to elastic force is known as 

(a) Mach number (b) Froude number 

(c) Reynold’s number (d) Weber’s number 

(e) none of the above. 

For a floating body to be in stable equilibrium, its 

metacentre should be 

(a) below the centre of gravity 

(b) below the centre of buoyancy 

(c) above the centre of buoyancy 

(d) between c.g. and centre of pressure 

(e) above the centre of gravity. 

For a floating body to be in equilibrium 

(a) meta centre should be above c.g. 

(b) centre of buoyancy and c.g. must lie on same 
vertical plane 

(c) a righting couple should be formed 

(d) all of the above 

(e) none of the above. 

The two important forces for a floating body are 

(a) buoyancy, gravity (b) buoyancy, pressure 

(c) buoyancy, inertial (d) inertial, gravity 

(e) gravity, pressure. 

Choose the wrong statement 

(a) The centre of buoyancy is located at the centre of 
gravity of the displaced liquid 

(b) For stability of a submerged body, the centre of 
gravity of body must lie directly below the centre 
of buoyancy 

(c) If c.g. and centre of buoyancy coincide, the 


submerged body must lie at neutral equilibrium 
for all positions 


(d) For stability of floating cylinders or spheres, the 
c.g. of body must lie below the centre of 
buoyancy 

(e) All floating bodies are stable. 

Centre of pressure on an inclined plane is 

(a) at the centroid (b) above the centroid 

(c) below the centroid (d) at metacentre 

(e) at centre of pressure. 

An open vessel of water is accelerated up an inclined 

plane. The free water surface will 

(a) be horizontal 

(b) make an angle in direction of inclination of 
inclined plane 

(c)make an angle in opposite direction to 
inclination of inclined plane 

(d) any one of above is possible 

(e) none of the above. 
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The line of action of the buoyant force acts through 
the centroid of the 
(a) submerged body 
(b) volume of the floating body 
(c) volume of the fluid vertically above the body 
(d) displaced volume of the fluid 
(e) none of the above. 
Resultant pressure of the liquid in the case of an 
immersed body acts through 
(a) centre of gravity (b) centre of pressure 
(c) metacentre (d) centre of buoyancy 
(e) in between c.g. and centre of pressure. 
The centre of gravity of the volume of the liquid dis- 
placed by an immersed body is called 
(a) centre of gravity (b) centre of pressure 
(c) metacentre (d) centre of buoyancy 
(e) centroid. 
Differential monometer is used to measure 
(a) pressure in pipes, channels etc. 
(b) atmospheric pressure 
(c) very low pressure 
. (d) difference of pressure between two points 
(e) velocity in pipes. 
The pressure in the air space above an oil (sp. gr. 
0.8) surface in a tank is 0.1 kg/cm?. The pressure at 
2.5 m below the oil surface will be 
(a) 2 metres of water column 
(6) 3 metres of water column 
(c) 3.5 metres of water column 
(d) 4 m of water column 
(e) none of the above. 
The time oscillation of a floating body with increase 
in metacentric height will be 
(a) same (b) higher 
(c) lower 


(d) lower/higher depending on weight of body 
(e) unpredictable. 
In an immersed body, centre of pressure is 
(a) at the centre of gravity 
(b) above the centre of gravity 
(c) below be centre of gravity 
(d) could be above or below 
density of body and liquid 
(e) unpredictable. 
The normal stress is same in 
in a fluid 
(a) only when the fluid is frictionless 


(6) only when the fluid is incompressible and has 
zero viscosity 


(c)when there is no 
relative to an adj ace 
(d) irrespective of the 
relative to an adjacent layer 
(e) in case of an ideal fluid. 
Select the correct Statement 


(a) Local atmospheric 
pressure d 
elevation of locality only _— Sa 


c.g., depending on 


all directions ata point 


motion of one fluid layer 
nt layer 


motion of one fluid layer 
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(b) Standard atmospheric pressure is the me 
local atmospheric pressure at sea level a 

(c) Local atmospheric pressure is always þ 
standard atmospheric pressure 

(d) A barometer reads the difference between 
and standard atmospheric pressure 

(e) Gauge pressure is equal to atmospheric preg 
plus instrument reading. 

Gauge pressure is equal to 

(a) absolute pressure + atmospheric pressure 

(b) absolute pressure — atmospheric pressure 

(c) atmospheric pressure — absolute pressure 

(d) atmospheric pressure — vacuum 

(e) atmospheric pressure + vacuum. 

The equation of continuity of flow is based on the 

principle of conservation of 

(a) flow (b) mass 

(c) momentum (d) energy 

(e) mass, momentum and energy. 

For measuring flow by a venturimeter, it should be 

installed in 

(a) vertical line (b) horizontal line 

(c) inclined line with flow downward 

(d) inclined line with upward flow 

(e) in any direction and in any location. 

Total pressure on a 1m x 1 m gate immersed verti- 

cally at a depth of 2 m below the free water surface 

will be 

(a) 1000 kg 

(c) 2000 kg 

(e) 16000 kg. 

Hot wire anemometer is used to measure 

(a) pressure in gases 

(c) pressure in liquids 

(e) temperature. 

Rotameter is a device used to measure 

(a) absolute pressure (b) velocity of fluid 

(c) flow (d) rotation 

(e) velocity of air. 

Flow of water in a pipe about 3 metres in diameter 

can be measured by 

(a) orifice plate 

(c) rotameter 

(e) nozzle. 


eloy 
loca] 


Sure 


(b) 4000 kg 
(d) 8000 kg 


(b) liquid discharge 
(d) gas velocities 


(b) venturi 
(d) pitot tube 


True one-dimensional flow occurs when 

(a) the direction and magnitude of the velocity at all 
points are identical 

(b) the velocity of successive fluid particles, at aY 
point, is the same at successive periods of aaa 

(c) the magnitude and direction of the velocity do 
not change from point to point in the fluid l 

(d) the fluid particles move in plane or paralle 
planes and the streamline patterns are identica 
in each plane , 

(e) velocity, depth, pressure etc. change from pe 
to point in the fluid flow. 


nt 
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An ideal flow of any fluid must satisfy 
(a) Pascal law 

(6) Newton’s law of viscosity 

(c) boundary layer theory 

(d) continuity equation 

(e) Bernoulli’s theorem. 

In the case of steady flow of a fluid, the acceleration 
of any fluid particle is 
(a) constant 

(c) zero 

(d) zero under limiting conditions 
(e) never zero. 


(6) variable 


The depth of centre of pressure in a rectangular 


lamina of height h with one side in the liquid sur- 
face is at 


h 
(a)h sii 
(b) 3 
(c) a (d) h 
3 2 
3 
(e) at 


Non uniform flow occurs when 

(a) the direction and magnitude of the velocity at all 
points are identical 

(6) the velocity of successive fluid particles, at any 
point, is the same at successive periods of time 

(c) the magnitude and direction of the velocity do 
not change from point to point in the fluid 

(d) the fluid particles move in plane or parallel 
planes and the streamline patterns are identical 
in each plane 

(e) velocity, depth, pressure, etc. change from point 
to point in the fluid flow. 

During the opening of a valve in a pipe line, the flow 

is 

(a) steady 

(c) uniform | 

(e) free vortex type. 

Uniform flow occurs when 

(a) the flow is steady 

(b) the flow is streamline 

(c) size and shape of the cross section in a particular 
length remain constant 

(d) size and cross section change uniformly along 
length 

(e) flow occurs at constant rate. 

Gradually varied flow is 

(a) steady uniform 

(b) non-steady non-uniform 

(c) non-steady uniform 

(d) steady non-uniform 

(e) true one-dimensional. 

Steady flow occurs when 

(a) the direction and magnitude of the velocity at all 
points are identical 

(b) the velocity of successive fluid particles, at any 
point, is the same at successive periods of time 


(6) unsteady 
(d) laminar 
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(c) the magnitude and direction of the velocity do 
not change from point to point in the fluid 

(d) the fluid particles move in plane or parallel 
planes and the streamline patterns are identical 
in each plane 

(e) velocity, depth, pressure, etc. change from point 
to point in the fluid flow. 

The flow which neglects changes in a transverse 

direction is known as 

(a) one dimensional flow (b) uniform flow 

(c) steady flow (d) turbulent flow 

(e) streamline flow. 

The flow in which each liquid particle has a definite 

path and their paths do not cross each other is called 

(a) one dimensional flow (b) uniform flow 

(c) steady flow (d) turbulent flow 

(e) streamline flow. 

The flow in which conditions do not change with time 

at any point, is known as 

(a) one dimensional flow 

(6) uniform flow 

(d) turbulent flow 

The flow in which the velocity vector is identical in 

magnitude and direction at every point, for any given 

instant, is known as 

(a) one dimensional flow (b) uniform flow 

(c) steady flow (d) turbulent flow 

(e) streamline flow. 


(c) steady flow 
(e) streamline flow. 


The flow in which the particles of a fluid attain such 
velocities that vary from point to point in magnitude 
and direction as well as from instant to instant, is 
known as 

(a) one dimensional flow (b) uniform flow 

(c) steady flow (d) turbulent flow 

(e) streamline flow. 

Which of the following is Chezy’s formula for deter- 
mining flow in open channel ? 


(a) v= 1 n23 i12 (b) v=CV mi 
n 
Gaus ae doa 
1.81 + —— 
Jm 
93 4 0.00155 , 1 
At l n 5 
wee 7 (2 ; LEA a 
i Jm 


(e) none of the above. 
where, v= mean velocity of flow, 
i = slope of channel, 
m = hydraulic mean depth, 
C, n, and K are constants. 
Venturimeter is used to measure flow of fluids in 
pipes when pipe is 
(a) horizontal 
(b) vertical, flow downwards 
(c) vertical, flow upwards 
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(d) inclined position 


(e) in any position. E 
Which of the following is the Mannıng S formula 


determining flow in open channel? 


(b) v=CVmi 


for 


(a) v= 1 n23 ¡1/2 


n 
157.6 l 
(c) v= —— Jimi 


1.81+ 
/m 
.00155 1 
9342 — 
0.00155) n V” 
1+(234 -— ) = 
i 





Qis 


im 
(e) none of the above. 
where, v = mean velocity of flow, 
i = slope of channel, 
m = hydraulic mean depth, 
C,n, and K are constants. 

The length of divergent portion of venturimeter in 
comparision to convergent portion is 
(a) same (6) more 

(c) less 

(d) more or less depending on capacity 
(e) no correlation. 


Which of the following is the Darcy or Weisbach 
equation ? 





1 
n 


(b) v=CYmi 
Jmi 


157.6 


1.81+—_ 


Vm 


0.00155 1 
+ ——_—_— + 


(c)u= 


= Jmi 
i Jim 
(e) none of the above. 
where, v = mean velocity of flow, 
t= slope of channel, 

m = hydraulic mean depth, 

C, n, and K are constants. 
Which of the following is Bazin’s formula ? 


23 
(d) v= 


Į 
1+ (23+ 200158) 


1 ws; 
(a) v = — m2 1/2 
n 


(b) vlimi 


157.6 
aE Vmi 
1.814. 


vm 


„20155, 1 


(c) v= 


23 


(d)v= n 


m 


a 


L 


- n Smi 
1+ (28, 200288) n 


(e) none of the above. 
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where, v = mean velocity of flow, 
i = slope of channel, 
m = hydraulic mean depth, 
C,n, and K are constants. 
Which of the following is Kutter’s formula? 


(a) ys mi (b) v=CYmi 
(c) v = _ Jimi 
aN 
ay DI y1 
O° os e 
pm 


(e) none of the above. 
where, v = mean velocity of flow, 
i = slope of channel, 
m = hydraulic mean depth, 
C, n, and K are constants. 

Flow occurring in a pipeline when a valve is being 

opened is 

(a) steady 

(c) laminar 

(e) rotational. 

General energy equation holds for 

(a) steady flow (6) turbulent flow 

(c) laminar flow (d) non-uniform flow 

(e) all of the above. 

A streamline is defined as the line 

(a) parallel to central axis flow 

(b) parallel to outer surface of pipe 

(c) of equal velocity in a flow 

(d) along which the pressure drop is uniform 

(e) which occurs in all flows. 

Two dimensional flow occurs when 

(a) the direction and magnitude of the velocity at all 
points are identical 

(b) the velocity of successive fluid particles, at any 
point, is the same at successive periods of time 

(c) the magnitude and direction of the velocity do 
not change from point to point in the fluid 

(d) the fluid particles move in plane or parallel 
planes and the streamline patterns are identical 
In each plane 

(e) velocity, depth, pressure, etc. change from point 
to point in the fluid flow. 

In case of rectangular lamina with side in liquid sur- 


face having depth h, the depth of centre of pressure 
will be | 


(6) unsteady 
(d) vortex 


2h h 
3h h 
3h 

(e) g'i 
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A piece of metal of specific gravity 7 floats in mer- 


cury of specific gravity 13.6. What fraction of its vol- 
ume is under mercury ? 


(a) 0.5 

(c) 0.515 

(e) none of the above. 
A piece of wood having weight 5 kg floats in water 
with 60% of its volume under the liquid. The specific 
gravity of wood is 

(a) 0.83 

(c) 0.4 

(e) none of the above. 
Three vessels of inverted pyramid, semi-spherical, 
V-trough shapes having same volume and same 
height are to be emptied by an equal area opening. 
Times for emptying in order will be 

(a) semi-sphere, inverted pyramid, V-trough 

(b) inverted pyramid, semi-sphere; V-trough 

(c) inverted pyramid, V-trough, semi-sphere 

(d) semi-sphere, V-trough, inverted pyramid 

(e) V-trough, semi-sphere, inverted pyramid. 

The velocity of jet of water travelling out of opening 
in a tank filled with water is proportional to 

(a) head of water (h) (b) h? 


(c) Vh (d) h? 

(e) h3/2, 

In a free vortex motion, the radial component of 
velocity everywhere is 
(a) maximum 

(c) zero 

(e) unpredictable. 

In a forced vortex, the velocity of flow everywhere 
within the fluid is 
(a) maximum 

(c) zero 

(e) unpredictable. 
The region between the separation streamline and 
the boundary surface of the solid body is known as 
(a) wake (b) drag 

(c) lift (d) boundary layer 

(e) aerofoil section. 

For hypersonic flow, the Mach number is 

(a) unity (b) greater than unity 

(c) greater than 2 (d) greater than 4 

(e) greater than 10. 

The upper surface of a weir over which water flows 
is known is 
(a) crest 

(e) sill 

(e) contracta. 
Normal depth in open channel flow is the depth of 
flow corresponding to 
(a) steady flow 

(c) laminar flow 

(e) critical flow. 


(b) 0.4 
(d) 0.5 


(b) 0.6 
(d) 0.3 


(b) minimum 
(d) non-zero and finite 


(b) minimum 
(d) non-zero finite 


(b) nappe 
(d) weir top 


(b) unsteady flow 
(d) uniform flow 
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Velocity distribution in the turbulent boundary layer 
following law 


(a) linear (b) square 
(c) parabola (d) logarithmic 
(e) cubic. 


Uniform flow occurs when 

(a) the direction and magnitude of the velocity at all 
points are identical 

(b) the velocity of successive fluid particles, at any 
point, is the same at successive periods of time 

(c) the magnitude and direction of the velocity do 
not change from point to point in the fluid 

(d) the fluid particles move in plane or parallel 
planes and the streamline patterns are identical 
in each plane 

(e) velocity, depth, pressure, etc. change from point 
to point in the fluid flow. 

Pitot tube is used for measurement of 

(a) pressure (b) flow 

(c) velocity (d) discharge 

(e) viscosity. 

Hydrometer is used to determine 

(a) specific gravity of liquids 

(b) specific gravity of solids 

(c) specific gravity of gases 

(d) relative humidity 

(e) density. 

The total energy of each particle at various places in 

the case of perfect incompressible fluid flowing in 

continuous sream 

(a) keeps on increasing 

(c) remains constant 

(e) unpredictable. 

According to Bernoulli’s equation for steady ideal 

fluid flow 

(a) principle of conservation of mass holds 

(b) velocity and pressure are inversely proportional 

(c) total energy is constant throughout 

(d) the energy is constant along a streamline but 
may vary across streamlines 

(e) none of the above. 

The equation of continuity holds good when the flow 

(a) is steady (b) is one dimensional 

(c) velocity is uniform at all the cross-sections 

(d) all of the above (e) none of the above. 

Mach number is significant in 

(a) supersonics, as with projectiles 
propulsion 

(b) full immersion or completely enclosed flow, as 
with pipes, aircraft wings, nozzles etc. 

(c) simultaneous motion through two fluids where 
there is a surface of discontinuity, gravity force, 
and wave making effects, as with ship’s hulls 

(d) all of the above 

(e) none of the above. 


(6) keeps on decreasing 
(d) may increase/decrease 


and jet 
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933. Froude number is significant in 


(a) supersoni 


(b) full immersion or completely 


cs, as with projectile and jet propulsion 


enclosed flow, as 


with pipes, aircraft wings, nozzles etc. 


(c) simultaneous motion 


through two fluids where 


there is a surface of discontinuity, gravity forces, 


and wave making effe 
(d) all of the above 
(e) none of the above 


ct, as with ship’s hulls 


934, All the terms of energy in Bernoulli’s equation have 


dimension of 
(a) energy 
(c) mass 

(e) time. 


(b) work 
(d) length 


235. Reynolds number is significant in | 
(a) supersonics, as with projectile and jet propulsion 
(b) full immersion or completely enclosed flow, as 
with pipes, aircraft wings, nozzles etc. 


(c) simultaneous motion 


through two fluids where 


there is a surface of discontinuity, gravity forces, 
and wave making effect, as with ship’s hulls 


(d) all of the above 


(e) none of the above. 


236. The fluid forces considered in the Navier Stokes equa- 


tion are 


(a) gravity, pressure and viscous 
(b) gravity, pressure and turbulent 
(c) pressure, viscous and turbulent 
(d) gravity, viscous and turbulent 


(e) none of the above. 
237. A large Reynold number 


is indication of 


(a) smooth and streamline flow 


(b) laminar flow 
(d) turbulent flow 


(c) steady flow 
(e) highly turbulent flow. 


238. The friction head lost due to the flow of a viscous 


fluid through a circular 


(q) 4E v 
d 2g 
af 
2 
V 

Oar 


(e) none of the above. 


239. For pipes, laminar flow occurs whe 


ber is 
(a) less than 2000 


pipe of length L and dia- 


meter d with a velocity v, and pipe friction factor ‘f’ 


2 
O 
td“ 2g 

2 
aae 
2g 


n Reynolds num- 


(b) between 2000 and 4000 


(c) more than 4000 

(d) less than 4000 

(e) none of the above. 
240. In order that flow takes 


F lac ENS 
a pipeline, the differenti e between two points in 


al 


r 
points must be more than pressure between these 


(a) frictional force 
(c) surface friction 
(e) none of the above. 


(b) viscosity 
(d) all of the above 
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At the centre line of a pipe flowing under Pressy, 
where the velocity gradient is zero, the shear Stres 
will be 

(a) minimum (b) maximum 

(c) zero (d) negative value 

(e) could be any value. 

The pressure in Pascals at a depth of 1 m below t} 
free surface of a body of water will be equal to 

(a) 1 Pa (b) 98.1Pa 

(c) 981 Pa (d) 9810 Pa 

(e) 98,100 Pa. 

The expression for relation between the gauge pres. 
sure p inside a liquid droplet (i.e., difference of pres. 
sure between the inside and outside of a liquid drop) 
of diameter d and the surface tension o is 


(a) 6 =pd (b) © = mpd 

don (d) o =4pd 
T 

(e) g = |= 


Two pipe systems can be said to be equivalent, when 
the following quantites are same 

(a) friction loss and flow 

(b) length and diameter 

(c) flow and length 

(d) friction factor and diameter 

(e) velocity and diameter. 


For pipes, turbulent flow occurs when Reynolds num- 
ber is 


(a) less than 2000 
(b) between 2000 and 4000 
(c) more than 4000 (d) less than 4000 


(e) none of the above. 


Bernoulli equation deals with the law of conserva- 
tion of 


(a) mass (b) momentum 
(c) energy (d) work 
(e) force. 


A hydraulic press has a ram of 15 cm diameter and 
plunger of 1.5 cm. It is required to lift a weight of 
1 tonne. The force required on plunger is equal to 
(a) 10 kg (b) 100 kg 

(c) 1000 kg (d) 1 kg 

(e) 10,000 kg. 


Cavitation is caused by 
(a) high velocity (b) high pressure 
(c) weak material (d) low pressure 


(e) low viscosity. 
Cavitation will begin when 
(a) the pressure at any location reaches an absolute 


pressure equal to the saturated vapour pressure 
of the liquid 


(b) pressure becomes more than critical pressure 
(c) flow is increased 

(d) pressure is increased 

(e) none of the above. 
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Principle of similitude forms the basis of 

(a) comparing two identical equipments 

(b) designing models so that the result can be 
converted to prototypes 

(c) comparing similarity between design and actual 
equipment 

(d) hydraulic designs 

(e) performing acceptance tests. 

For similarity, in addition to models being geometri- 

cally similar to prototype, the following in both cases 

should also be equal 

(a) ratio of inertial force to force due to viscosity 

(b) ratio of inertial force to force due to gravitation 

(c) ratio of inertial force to force due to surface 
tension 

(d) all the four ratios of inertial force to force due to 
viscosity, gravitation, surface tension, and 
elasticity 


(e) none of the above. 

If V is the mean velocity of flow, then according to 
Darcy-Weisbach equation for pipe flow, energy loss 
over a length of pipe line is proportional to 


1 

V mad 

(a) (b) y 
(c) V2 at 
y? 


(e) VV. 


Froude number is the ratio of inertial force to 

(a) gravitation force (b) surface tension 

(c) elasticity (d) viscosity 

(e) none of the above. 

The non-dimensional factor governing viscous or fric- 
tional resistance is 
(a) Reynolds number 
(c) Froude number 
(e) none of the above. 
Euler’s dimensionless number relates 

(a) pressure force and inertia force 

(b) pressure force and viscous force 

(c) inertia force and gravity force 

(d) buoyancy force and viscous force 

(e) inertia force and viscous force. 

The rate of change of linear momentum equals 

(a) active force (b) reactive force 

(c) torque (d) work done 

(e) power. 

Mach number is the ratio of inertial force to 

(a) gravitation force (b) surface tension 

(c) elasticity (d) viscosity 

(e) none of the above. 

Mach number greater than unity implies that the 
flow is 

(a) sonic (b) subsonic 

(c) supersonic (d) hypersonic 

(e) associated with shocks. 


(b) Weber number 
(d) Mach number 
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The component of the force of the fluid on the body 
(which is generally inclined to the direction of 
motion of the body) parallel to the direction of 


motion is called 


(a) drag (b) lift 

(c) wake (d) propelling force 

(e) thrust. 

The rate of change of moment of momentum repre- 


sents the 

(a) force exerted by fluid 

(b) torque applied by the fluid 

(c) work done by the fluid 

(d) power developed by the fluid 

(e) none of the above. 

Reynolds number is the ratio of intertial force to 
(a) gravitational force (b) surface tension 

(c) elasticity (d) viscosity 

(e) none of the above. 


The energy loss in flow through nozzle as compared 
to venturimeter is 

(a) same (b) more 

(c) less 


(d) more/less depending on flow 

(e) unpredictable. 

Weber number is the ratio of intertial force to 

(a) gravitational force (b) surface tension 

(c) elasticity (d) viscosity 

(e) none of the above. 

Pressure coefficient is thc ratio of pressure force to 
(a) inertia force (b) gravity force 

(c) viscous force (d) surface tension 

(e) elasticity. 


The pressure coefficient may take the form 
(a) AP/suv (b) AP/(ov2/2) 

274 5 2 
(c) AP/ H— (d) 

o 2AP 


(e) none of the above. 

Separation of flow occurs when pressure gradient 
(a) tends to approach zero 

(b) becomes negative 

(c) changes abruptly 

(d) reduces to a value when vapour formation starts 
(e) does not follow continuity equation. 

In laminar flow friction resistance is dependent on 
(a) area of surface in contact 

(b) (area of surface in contact)? 


(c) yarea of surface in contact 


(d) (area of surface in contact)?” 
(e) none of the above. 


Darcy-Weisabach equation for loss of head in pipe is 
L V? L y’ 
(a) f — .— (6) f —— 
f 4m 2g il m 2g 
4L V? 4m V? 
(c) f — — CAF E 
f m 2g f L 2g 
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f= friction factor, L = length, V = velocity 


where, 


m= 2 - area/wetted perimeter 


m = hydraulic radius. 
269. Which of the following is not a dimensionless para- 
meter ? 
(a) Reynolds number 
(c) pressure coefficient 
(e) all of the above. 
270. When a boundary layer leaves a surface and curves 
up into a vortex or whirloop, it is known as 
(a) drag (b) wake 
(c) cavitation (d) separation 
(e) boundary layer separation. 
271. A dimensionless combination of AP, p, L, Q is 


(b) friction factor 
(d) kinematic viscosity 





AP Q Pp Q 

ia T b aye: 

APIQ pq 
(c) —— (d -PP 


(e) none of the above. 
272. Orifice is an opening 

(a) with closed perimeter and of regular form 
through which water flows 

(b) with prolonged sides having length of 2 to 3 
diameters of opening in thick wall 

(c) with partially full flow 

(d) in hydraulic structure with regulation provision 

(e) none of the above. 


273. The average value of coefficient of velocity is of the 


order of 
(a) 0.56 (b) 0.68. 
(c) 0.78 (d) 0.89 
( e) 0.97. 


274. The coefficients of discharge, velocity and contrac- 
tion C}, C „and C, are related as 
(a) C=C, +C, (b) C,=C,-C, 
(e) C, = C.-C, (d) C4 = C/C 
(e) C=C, xC, f 
275. The actual velocity at vena contracta for flow through 
an orifice from a reservior of height H = 


(a) 28H (b) C, /2aH 
(c) ¥2gH IC, (d) C4V2gH 
(e)C/J2gH. 


276. The ratio of actual disch 


arge tot 
through an orifice ie g heoretical discharge 


(a) C/D; (b) CYC, 
te) CYC, (d)C.C 
(e) CC} f 


277. The value of coefficient of dischar 
to coefficient of velocity is 
(a) more 
(c) same 


ge in comparison 


(b) less 


278. 


279. 


280. 


281. 


282. 


283. 


284. 





(d) more/less depending on flow 


(e) unpredictable. 
For frictionless fluid, the contraction coefficient a 
Borda’s mouthpiece 1s 


(a) 1 (b) 0.5 
(c) 0 (d) 0.97 
(e) 0.8. 


A mouthpiece can’t be used under very large heag 
because of 

(a) creation of vortex at vena contracta 

(b) cavitation problem at vena contracta 

(c) large variation of discharge 

(d) erratic flow 

(e) contraction becomes too high. 

A fluid jet discharging from a 100 mm diameter ori. 
fice has a diameter 80 mm at its vena contracta. The 
coefficient of contraction is 


(a) 0.8 (b) 1.25 
(c) 0.2 (d) 0.64 
(e) 0.36. 


In order that no shock wave develops when flow is 

taking place through a converging diverging tube, 

Mach number at exit should be 

(a)=1 (6) <1 

(c)>1 (d) not critical 

(e) there is no such criterion. 

Weir in an opening 

(a) with closed perimeter and of regular form 
through which water flows 

(b) with prolonged sides having length of 2 to 3 
diameters of opening in thick wall 

(c) with partially full flow 

(d) in hydraulic structure with regulation provision 

(e) none of the above. 


The region downstream from the streamline where 


Separation takes place from the boundary is known 
as 


(a) wake (b) lift 


(c) drag (d) cavitation 
(e) boundary layer separation. 


Choose the wrong statement about flow nets 

(a) flow nets are drawn to indicate flow patterns in 
case of one dimensional flow 

(6) flow net consists of a system of streamlines s0 
Spaced that the rate of flow is the same between 
each successive pair of lines 

(c) flow net consists of another system of lines 
normal to the streamlines and so spaced that the 
distance between the normal lines equals the 
distance between adjacent streamlines 

(d) an infinite number of streamlines are required 
to describe completely the flow under given 
boundary condition 

(e) It is usual practice to use a small number of such 


Streamlines, as long as acceptable accuracy is 
obtained. 
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287. 


288. 


289. 


290. 


291. 


292. 


293. 


. Continuity equation for a compressible fluid is 
(a) A,V, =A,V, 

(b) pA, V, = P24V3 
(c) AV, = AV 


(A =area) 
(V = velocity) 


Pı P2 
P14; _ P242 
(d) V, = Vz (p = density) 
(e) Pivy _ P1V2 l 
A A, 


The continuity equation 

(a) is based on Bernoulli’s theorem 

(b) expresses relation between work and energy 

(c) expresses relation between hydraulic para- 
meters of flow 

(d) relates the mass rate of flow along a streamline 

(e) is used to determine flow by pitot tube. 

Equation of continuity of flow is based on the prin- 

ciple of conservation of 

(a) mass 

(c) momentum 

(e) hydraulic pressure. 

Bernoulli’s theorem deals with the conservation of 

(a) mass (b) force 

(c) momentum (d) energy 

(e) hydraulic pressure. 


(b) force 
(d) energy 


The drag coefficient for laminar flow varies as pro- 
portional to 

(a) Re (b) Re“? 

(c) Re”? (d) Re~ V2 

(e) Re?/2 


(where, Re = Reynolds number). 
Continuity equation for an incompressible fluid is 
(a) A,V, =4V3 
(b) pA V1 =P242V2 
o) AVi _ AVe 


(A = area ) 


(V = velocity, p = density) 


Pı P2 B 
P3A; _ P242 PV _ P12 
d) PE = Eara (e) FUR = FL 2. 
( Vi Və Ay Ag 


For maximum discharge through a circular open 
channel, the ratio of depth of flow to diameter of chan- 


nel should be 


(a) 0.9 (b) 0.5 
(c) 0.65 (d) 0.85 
(e) 0.95. 


An air vessel is usually provided at the summit of a 
syphon in order to 

(a) regulate the flow 

(b) increase discharge 

(c) avoid interruption in flow 

(d) increase velocity 

(e) increase height of syphon. 

The flow at critical depth in an open channel is 
(a) maximum - (b) minimum 

(c) zero (d) half of normal flow 
(e) critical. 


294. 


295. 


296. 


297. 


298. 


299. 


300. 


301. 


302. 


Tube is an opening 

(a)with closed perimeter and of regular form 
through which water flows 

(b) with prolonged sides having length of 2-3 
diameters of opening in thick wall 

(c) with partially full flow 

(d) in hydraulic structure with regulation provision 

(e) none of the above. 

Highest efficiency is obtained with following chan- 

nel section 

(a) circular 

(c) rectangular 

(e) trapezoidal. 

For best hydraulic rectangular cross-section of an 

open channel, its depth should be equal to 


(b) triangular 
(d) quadrant 





(a) width (b) 2 width 
(c) vidt (dy deadth 


(e) s width. 


A triangular section in open channel flow will be most 
economical when the vertex angle at the triangle base 


point is 

(a) 30° (b) 45° 

(c) 60° (d) 90° 

(e) 120°. 

The discharge over a V-notch weir is proportional to 
(a) h3!2 (b) h52 

(c) h2 (d) h- 3/2 

(e) h- 5/2 


The motion of a fluid is vortex if each particle of the 

fluid moves in a circular path with the speed which 

(a) is constant 

(b) is directly proportional to distance from centre 

(c) varies as square of distance from centre 

(d) varies inversely as the distance from centre 

(e) varies inversely as square of distance from 
centre. 

Time required to empty uniform rectangular tank is 

proportional to its 


(a) height H 
(c) H? 


1 
(e) TH 
The laminar sub-layer acts as 
(a) an insulating medium 
(b) good conductor of heat 
(c) refractory substance (d) heat absorber 
(e) heat generator. 
A mouth-piece can’t be used for emptying tanks with 
large heads because 
(a) cavitation occurs at vena contracta 
(b) vortex is created at vena contracta 
(c) variation in discharge is high 
(d) flow-through mouth piece is erratic 
(e) flow becomes turbulent. 


(b) VH 
(d) H?!2 
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303. Gate is an opening 
(a) with closed perimeter and of regular form 
through which water flows 
(6) with prolonged sides having length of 2-3 
diameters of opening in thick wall 
(c) with partially full flow 
(d) in hydraulic structure with regulation provision 
(e) none of the above. 
304. The value of coefficient of velocity for a sharp edged 
orifice is of the order of 


(a) 0.45 (b) 0.5 
(c) 0.62 (d) 0.78 
(e) 0.98. 


305. The value of coefficient of velocity depends upon 
(a) slope of orifice (b) size of orifice 
(c) head of liquid above orifice 
(d) type of orifice 
(e) friction at the orifice surface. 
396, The contraction of area for flow through orifice in 
tank depends on 
(a) shape of orifice 
(c) head in tank 
(e) none of the above. 


307. In an external mouthpiece, value of coefficient of dis- 
charge, if pipe is flowing full, will be 


(6) size of orifice 
(d) all of the above 





(a) 0.602 (b) 0.75 
(c) 0.86 (d) 0.98 
(e) 1.0. 


308. The horizontal component of force on a curved sur- 
face is equal to the 
(a) product of pressure at its centroid and area 
(b) weight of liquid retained by the curved area 


(c) force on a vertical projection of the curved 
surface 


(d) weight of liquid vertically above the curved 
surface 


(e) none of the above. 
309. The vertical component of pressure force on a sub- 
merged curved surface is equal to 
(a) weight of liquid vertically above the curved 
surface and extending upon the free surface 


(6) the force on a vertical projection of the curved 
surface 


(c) the product of pressure at centroid and surface 
area 


(d) horizontal component (e) none of the above. 
310. A block of ice floating over water in a vessel slowly 
melts in it. The water level in the vesse] will 


(a) start rising (b) start falling 
(c) will remain constant 


(d) will depend on temperature in water 
| (e) be unpredictable. 
311. Manning formula is used to determine 


| (a) head loss due to friction in pipes flowing full 
under pressure 


(6) head loss due to friction in open channels 


| 


312. 


313. 


314. 


315. 


316. 


317. 


318. 


319. 


3 


MECHANICAL ENGINEERING 


(c) flow in open channels 

(d) flow in pipes 

(e) pressure in open channels. 

The hydraulic radius in the case of an open ch 
with great width is equal to 

(a) depth of channel 

(b) 1/2 x depth of channel 

(c) V3 x depth of channel 

(d) 1/4 x depth of channel 

(e) 3/8 x depth of channel. 

In open channel corresponding to critic 
discharge is 

(a) maximum 

(c) zero flow 

(e) most economical. 
If a water tank partially filled with water is being 
carried on a truck moving with a constant-horizon- 
tal acceleration, the level of the liquid will 

(a) rise on the front side of the tank 

(b) fall on the back side of the tank 

(c) remain the same at both the sides of the tank 


(d) rise on the back side and fall on the front side 
(e) unpredictable. 


anne] 


al depth, the 


(b) minimum 
(d) turbulent flow 


The discharge over a sharp-edged rectangular notch 
of width w and depth h is equal to 


2 2 
(a) acd w/2g h52 (b) 3 Ca w/J2gh 
(c) =C, w| 2g h3/2 (d) Žo w 2g h??? 


(e) Žo w| 2g h52., 


The discharge through an orifice fitted in a tank can 
be increased by 


(a) fitting a short length of pipe to the outside 

(6) sharpening the edges of orifice 

(c) fitting a long length of pipe to the outside 

(d) fitting a long length of pipe to the inside 

(e) all of the above. 

When the depth of water in an open channel is 


greater than the critical depth then flow is said to 
be 


(a) critical 
(c) torrential 
(e) sub-critical. 


(b) turbulent 
(d) tranquil 


When the depth of water in an open channel is less 
than the critical depth, then flow is said to be 
(a) critical (6) turbulent 

(c) torrential (d) tranquil 

(e) sub-critical. 

The hydraulic grade line is 

(a) always moving up 

(6) always moving down 

(c) always above the energy grade line 

(d) the velocity head below the energy grade line 
(e) none of the above. 
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The rise of liquid along the walls of a revolving 


cylinder above the initial level 


(a) is greater than the depression of the liquid at the 
axis of rotation 


(b) is lesser than the depression of the liquid at the 
axis of rotation 


(c) is the same as the depression of the liquid at the 
axis of rotation 

(d) it depends upon the magnitude of speed 

(e) none of the above. 

When a liquid rotates at constant angular velocity 

about a vertical axis as a rigid body, the pressure 

(a) increases linearly as its radial distance 

(b) varies inversely as the altitude along any 
vertical line 

(c) varies as the square of the radial distance 

(d) decreases as the square of radial distance 

(e) none of the above. 


Total pressure on the top of a closed cylindrical ves- 


sel completely filled with liquid, is directly propor- 
tional to 


(a) radius 

(c) (radius)? 

(e) none of the above. 
If the particles of a fluid attain such velocities that 
velocities vary from point to point in magnitude and 


direction, as well as from instant to instant, the flow 
is said to be 


(a) disturbed flow 
(c) turbid flow 
(e) non-steady flow. 


(b) (radius)? 
(d) (vadius)* 


(6) turbulent flow 
(d) non-uniform flow 


The included angle of triangular notch for maximum 
discharge is 


(a) 45° (b) 60° 
(c) 90° (d) 108° 
(e) 120°. 


Most efficient channel section is 

(a) half hexagon in form of trapezoid 

(b) triangular 

(c) rectangular 

(d) semi-circular 

(e) none of the above. 

The discharge through a rectangular-notch weir 
varies as 


(a) H- V2 (b) H”? 
(e) H?’2 (d) H52 
(e) H?. 


The discharge over a sharp-edge triangular notch 


having included angle of 26 and depth of h is given 
by the formula 


2 8 3/ 
(a) 3 Cav 28 tan 0 h?? (b) 75a 2g tan 0h? 


ay 2 /2 8 5/2 
(c) zCa 2g tan 0 h5”? (d) T C,V2g tan 0h 


(e) none of the above. 
The discharge in a Sultro weir varies as proportional 
to 
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335. 
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(a) H (b) H? 


(c) VH (d) H? 
(e) H52. 


The discharge through a semi-circular weir is pro- 
portional 


(a) H- V2 (b) H”? 
(c) H?” (d) H52 
(e) H?. 


Critical-depth metre is used to measure 

(a) discharge in an open channel 

(b) hydraulic jump 

(c) depth of flow in channel 

(d) depth of channel 

(e) none of the above. 

If flow in an open channel is gradually varied, then 

the flow will be 

(a) steady uniform flow 

(b) unsteady uniform flow 

(c) steady non-uniform flow 

(d) unsteady non-uniform flow 

(e) none of the above. 

The width of the weir with end contraction is 

(a) less than the width of channel 

(b) more than the width of channel 

(c) equal to width of channel 

(d) half the width of channel 

(e) twice the width of channel. 

The function of surge tank is to 

(a) relieve the pipe line of excessive pressure 
produced by water hammer 

(b) moothen flow 

(c) act as reservoir for emergency conditions 

(d) avoid reverse flow 

(e) supply water at constant pressure. 

The discharge of broad crested weir is maximum if 

the head of water on the downstream side of weir as 

compared to the head on the upstream side of the 

weir is 

(a) one-half 

(c) two-third 

(e) two-fifth. 

The Cipoletti weir functions as if it were a following 

notch without end contractions 

(a) triangular notch (b) trapezoidal notch 

(c) rectangular notch (d) parallelogram notch 

(e) none of the above. 

Maximum discharge over broad crested weir is 

(a) 1.71C, L.H% (b) 1.71 C} L.H® 

(O LTC L.A” (d) 0.384 Cj L.H?” 

(e) 0.384 C, L.H®?. 

Cipoletti notch is designed as trapezoid with its sides 

sloping at 1 horizontal and 

(a) 1 vertical (b) 2 vertical 

(c) 3 vertical (d) 4 vertical 

(e) 5 vertical. 


(b) one-third 
(d) three-fourth 
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Laminar flow occurs 1m pipes, when Reynolds num. 


ber 


347. 
applications 


ee a M 


| : ries-pipe 
¢ 338 ty tha head losses through each pipe are added to 


obtain the total head loss 
(b) the hea 
(c) friction factors are assu 
(d) flow increases 
(e) none of the above. 


339, Choking in pipe flow implies 


348. 


(a) lies between 2000—3000 

(b) lies between 3000—4000 

(c) is more than 2000 

(d) is less than 2000 

(e) none of the above. 

Which of the following pipe bends will introduce 
maximum head loss ? 


flow occurs i 

“el paar flow takes place due to water hammer (a) 30 bend (b) U-bend 

(c) valve in pipeline is closed (e) 60° bend (d) 90 bend 
(e) 45° bend. 


(d) the specified mass flow can’t occur 
(e) no flow due to heavy pressure loss. 
340. In the case of flow through parallel pipes 
(a) flow in each pipe is same 
(b) head loss in each pipe 15 same 
(c) head loss depends upon flow conditions 
(d) total head loss is sum of the head losses in 
individual pipes 
(e) none of the above. 
341. For a laminar flow 
(a) flow occurs in a zig zag Way 
(b) Reynolds number lies between 9000 to 3000 for 
pipes 


349. 


350. 


In pipes larger than 25 mm, carrying water, the lami- 
nar flow 

(a) very often exists 
(c) rarely exists 

(e) none of the above. 
The path of jet discharging from bottom opening in 
a tank full of water will be’ | 

(a) horizontal straight line 

(b) linearly downward 

(c) approximately hyperbola 

(d) parabola with its vertex at the opening 

(e) none of the above. 


(b) generally exists 
(d) unpredictable 


(c) Newton’s law of viscosity is of importance 351. Borda’s mouthpiece 1s 
(d) pipe losses are major considerations (a) a_ short cylindrical tube projecting inward, 
(e) velocity of flow is maximum. having length of 1/2 diameter 
342. The most economical section of circular channel for (b) a convergent tube having length of 2—3 
maximum discharge is obtained when diameters 
(a) depth of water = 0.95d (c) most commonly used (d) rarely used 
(b) wetted perimeter = 2.6 d (e) none of the above. 
(c) hydraulic mean depth = 0.29 d 352. A hydraulic ram acts like 
(d) any one of the above (a) a centrifugal pump (b) a rotary pump 
(e) none of the above (c) a reciprocating pump (d) an impulse pump 
(d = dia. of circular section). (e) cylinder pump. 
343. The flow in venturiflume takes place at 353. Hydraulic ram is a device used 
(a) atmospheric pressure (a) to accelerate water flow — 
(b) at pressure greater than atmospheric pressure (b) lift water without electric motor 
(c) vacuum (c) for lifting heavy load 
(d) high pressure (e) any pressure. (d) beat water and lift it 
344. Hydraulic diameter used in place of diameter for non- (e) measure flow in rivers 
circular ducts is equal to 354. The discharge th | j j 
(a) Alm Kiam . ge through a syphon spillway 1s equal to 
(c) A/4 m (d) mlA C,xax \28 x.. 
(e) 4 mA. (a) JH (b) H 
where, A = area of flow and m = perimeter (c) H?? (d) H5? 
345. Any fluid flow follows (e) H°. 
(a) Bernoulli’s equation 355. 


(b) Newton’s law of viscosity 
(c) Darcy’s equation 
(e) all of the above. 
346. The velocity distribution in the turbulent boundary 
layer follows 
(a) straight line law 
(c) hyperbolic law 
(e) quadratic law. 


te 
ie 


(d) continuity equation 


(b) parabolic law 
(d) logarithmic law 





An air vessel is provided at the summit in the syphon 
in order to 


(a) maintain pressure difference 
(b) increase discharge 

(c) increase velocity 

(d) control pressure variations 

(e) avoid interruption in the flow. 
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A fluid flow taking place continuously ròund a curved 
path about a fixed axis of rotation, is known as 

(a) rotational flow (b) radial flow 

(c) circular flow (d) unsteady flow 

(e) vortex flow. 

When a liquid rotates at constant angular velocity 
about a vertical axis as a rigid body, the pressure 
(a) varies as the square of the radial distance 

(b) decreases as the square of the radial distance 
(c) increases linearly as the radial distance 


(d) varies inversely as the elevation along any 
vertical line 


(e) is zero throughout. 

In a free vortex motion 

(a) rotation of fluid, moving as a solid, takes place 
about an axis 

(b) each particle moves in a circular path with a 


speed varying inversely as the distance from the 
centre 


(c) velocity decreases with the radius 

(d) velocity remains constant 

(e) none of the above. | 

The critical velocity as 

(a) maximum attainable velocity 

(b) terminal velocity 

(c) velocity when hydraulic jump occurs 

(d) velocity above which the flow ceases to be 
streamlined 

(e) velocity at which flow is maximum. 

The rise of liquid along the walls of a revolving cyl- 

inder as compared to depression at the centre w.r.t. 

initial level is 

(a) same 

(c) less 

(d) more/less depending on speed 

(e) unpredictable. 

In a forced-vortex motion 

(a) rotation of fluid, moving as a solid, takes place 
about an axis 

(b) each particle moves in a circular path with a 
speed varying inversely as the distance from the 
centre 

(c) velocity decreases with the radius 

(d) velocity remains constant 

(e) none of the above. 

When a fluid flows in concentric circles, it is known 

as 

(a) free circular motion 

(c) free spiral vortex flow 

(d) free cylindrical vortex flow 

(e) radial flow. 

In a free vortex motion, the tangential velocity of 

the water particles is proportional to 

(a) distance from the centre (r) 


(b) more 


(b) free rotational motion 


(b) r2 (c) 1/r 
1 1 
Pic (e) —= 
(d) na se Vr 
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A right-circular cylinder open at top is filled with 


water and rotated about its vertical axis at such 
speed that half the liquid spills out. The pressure at 
centre of bottom is 

(a) one half its value when cylinder was full 

(b) one fourth its value when cylinder was full 

(c) zero 

(d) can’t be determined due to insufficient data 

(e) none of the above. 

An ideal fluid is 

(a) similar to perfect gas 

(b) one which obeys Newton’s law of viscosity 

(c) frictionless and incompressible 

(d) very viscous 

(e) does not exist. 

The total pressure on the top of a closed cylindrical 
vessel of radius r filled with liquid is proportional to 


(ai? (b) - 
one (d) r? 
r 
1 
(e) ‘de . 


The general equation of continuity for three dimen- 
sional flow of a compressible fluid for steady flow is 


du re ou + ~ = 0 (u, v and w are components of 
z 


dx dy 


velocity in x, y and z direction). 


(a) 


ðu ðv ðw 
b) — = — = -—— = 
0) 5s oy az 
du ov. ðw 
ee E 
tc) 0 a 
ou ðv ow 
d —+—+— =u. 
(d) 5 + > U.U.W 


(e) none of the above. 
Reynolds number for non-circular cross section is 











V. 

Vv 

V.2P V.P 

(c) re (d) 7 
VP 
e) 7 


[V = mean velocity, v = kinematic viscosity 

P = Ratio of cross-sectional area to the wetted 
perimeter] 

If a mouthpiece is running full at the outlet, the 

vacuum created at vena-contracta 

(a) increases velocity of jet 

(b) decreases velocity of jet 

(c) decreases the discharge 

(d) decreases the value of coefficient of contraction 

(e) does not affect the velocity of jet. 
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tribution of velocity in an ope 
for laminar flow can be assumed as , 
(a) logarithmic (b) parabolic 


ight line (constant) 
= Scotti (e) none of the above. 


ay © three dimensional flow 
(d) multi dimensional flow 
f the above. 
(e) none i two dimensional flow the components of 
379. Dae ate given by u =a% -y = by, the streamlines 
velo 


will consist of a series of 


n channel 
370. Vertical dis 


et annel (b) parabolic arcs 
371. Vertical distribution of velocity in an open ch (a) circular arcs (d) elliptical ares 
for turbulent flow can be assumed a (c) hyperbolic pis 
wae ac b) parabolic (e) none of the above. . 
(a) logarithmic á : i flow, if the component 
sae _— ) none of the above r rs even by = _ ;v=by, the point where 
= e) no ` it are = ? ? 
Eeee ‘cal channel section is one for which of e occurs, is known as : 
372. The most economica i ' ven angs no mou i (b) neutral point 
mum for a giv ] point 
the following parameter 1s max! (a) critical point — (d) stationary point 
sectional area EE PN (c) stagnation point 
i ' f the above. 
oe d) wetted perimeter (e) ji . head acity 1S propor- 
(c) depth ae 381. For pipe flows, at constant head, capacity 1s propor 
(e) hydraulic radius. h tional to er 
373. The most economical section of a pieced c ca ae dia)? (b) (pipe dia)? 
nel for maximum discharge 1s obtained when 1 loepadia (d) (pipe dia)? 
depth is equal to 


(e) 1/pipe dia. | | 
382. For pipe flows, at constant capacity, head is propor- 


(a) half the breadth (b) twice the breadth 
3 
(c) same as the breadth (d) qth the breadth 


tional to m 
(e) one third the breadth. (a) ae a ove 
374, One dimensional flow is (c) ne 
(a) restricted to flow in a straight line (e) 1/d 


(b) uniform flow 


(c)one which neglects changes in a transverse 
direction 


(d) the most general flow 
(e) none of the above. 
` 875. Euler’s equation for motion of liquids is based on the 
~ assumption that the 
(a) flow is streamline 
(b) flow takes place continuously 
; (c) flow is homogeneous and incompressible 
l (d) flow is turbulent 
_ (e) flow is irrotational. 


376. Euler’s equation in the differential form for motion 
of liquids is given by 


(where, d = pipe diameter). 
383. 10 m of water column is equal to 
(a) 10 KN/m? (b) 1 kN/m? 
(c) 100 kN/m? (d) 0.1 kN/m? 
(e) none of the above. 
384. As pump speed increases, its NPSH (net positive suc- 
tion head) requirement 
(a) increases (b) decreases 
(c) remains unaffected 


(d)may increase/decrease depending on other 
considerations 
(e) none of the above. 


385. For pipe flows, at constant diameter, head is propor- 
tional to 





dp d 
(a) p -gdz +vdv=0 . (b) oe + gdz — gdz=0 ko) Gre á (b) (flow)? 
F p (c) (flow) (d) 1/flow 
P 2 
(c) p+ gdz +vdv=0 (d) pdp + gdz + vdv =0 3 S on — 
ae ben 86. For pipe flow, at constant diameter, capacity 1s pro- 
one of the above. portional to 
2 Frond 
377. For an irrotational flow, òo + 3*o = 0 is the equa- (a) vhead (b) head 
Sx? By? a (c) head?/⁄2 (d) head? 
tion given by TE 
(a) Cauchy-Riemann (b) Reynolds 387 7 pai ra ni 
(c) Laplace (d) Bernoulli - “fe pressure in pipes for fluids flowing is propor 
(e) Manning. tional to 
378. If u,v, w are the components of the velocit (a) ee ee 
ity v of a Inside diameter of pipe (d) 
moving particle, then the equation Zat w (b) 1 1 
dy dz d (c) Fg 
represents an equation of i 
(a) one dimensional flow (b) two dimensional flow (d) E (e) rn 
d 
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389. 


390. 


391. 


392. 


393. 


a 


(a) rate of flow 

(c) viscosity 

(e) all of the above. 
In order to replace a compound pipe by a new pipe, 


the pipes will be equivalent when following are same 
for both the pipes 


(a) length and flow 

(c) loss of head and flow 
(d) length and loss of head 

(e) loss of head and velocity. 

The head loss in case of hot water flow through a 
pipe compared to cold water flow will be 

(a) same (b) more 

(c) less 

(d) more or less depending on range of temperatures 
(e) unpredictable. 


(b) fluid density 
(d) pipe roughness 


(6) diameter and flow 


The frictional resistance of a pipe varies approxi- 
mately as | 


(a) velocity of flow (v) 
(e) Ju 
(e) yol2 


According to Darcy’s formula, loss of head due to fric- 
tion in the pipe is 


(b) v? 
(d) ps/2 


A flv” flv? 
(a) ey (b) aa 
4flv 
D =E 
(d) P 


A flv” 
(e) T“ 
where, f= Darcy’s coefficient, 

l= length of pipe, 

v = velocity of liquid flow, 

d = diameter of pipe. 
If d = diameter of nozzle, D = diameter of pipe, / = 
length of pipe and f = Darcy’s coefficient of friction 
for pipe, then for maximum power transmission of 
power, d should be equal to | 





D 1/4 D> 1/2 
o (zz) ey 
5 V3 5 3/4 
ep eg 
D5 2/5 
(e) = 


394. To replace a pipe of diameter D by n parallel pipes of 


diameter d, the formula used is 


D D 
(a) d= 2 b) d = z 
a)d=— ©) d = -ia 
D D 
(c) d= -57 d)d=——~ 
73/2 (d) n2/5 

(© d=- 


396. 


397. 


398. 


399. 


400. 


401. 


402. 


i PE Le ETARA te CETE eR ————— - — 
. EAS P - . z ‘ p Ves 8 2 A 
x t E ae ‘g aye li i a get TANN y 
, % ` u i o7 7 ; ala 
à vi - - $ i . 5 
s a a ae A DS Js “2 eae hice les axe BS) A 
Te RT TO A T A oe eee ee ——— - . 


395. 


For a flow to be rotational, the velocity normal to 
the plane of area should be equal to the 

(a) angular velocity vector 

(b) half the angular velocity vector 

(c) twice the angular velocity vector 

(d) zero (e) maximum. 

Head loss in a flowing fluid is experienced due to 
(a) friction at surface (b) change of direction 

(c) change of section of passage 

(d) obstruction in passage 

(e) all of the above. 

Loss of head due to friction in a pipe of uniform is 
diameter with viscous flow is equal to 

(a) Reynolds number (Re) 

(b) 1/Re (c) 4/Re 

(d) 16/Re (e) 64/Re. 

Power transmitted through a pipe is maximum when 
the loss of head due to friction is 

(a) one-half of the total head supplied 

(b) one-third of the total head supplied 

(c) one-fourth of the total head supplied 

(d) equal to the total head supplied 

(e) zero. 

If l, lo, l, etc. be the lengths and d}, d,, d}, etc. be 
the diameters of the parts of a compound pipe, then 
length L and diameter D of a uniform equivalent pipe 
will be related as under 


G21 EE E 
D d d dy 
L l lo l 

Ore eet e 


Dt di di ds 

L h h4 1l 
(BY E E A 

Dd’ ds g 


Time of flow from one tank in which water level is A, 
to another tank having level h, will be proportional 


to 
(a) hh, (b) Jh — hy 
1 
(d) -e 
Jh -4h 


(c) Jh — Jh 
Ok smn, 

Maximum efficiency of transmission of power 
through a pipe is 


(a) 25% (b) 33.3% 
(c) 50% (d) 66.6% 
(e) 100%. 


If the pressure at the inlet of a pipe is 90 kg/cm? and 
the pressure drop over the pipe line is 10 kg/cm?, the 
efficiency of transmission is 


(a) 66.6% (b) 77.7% 
(c) 55.5% (d) 88.8% 
(e) 44.4% 
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403. The hydraulic mean depth for a circular pipe of dia- 
meter ‘d’ running full is equal to 


d 

(a)d (b) 3 

d d 

(c) p (d) 4 
(e) <, 


404. Hydraulic gradient is equal to 
difference in water surface 
total length of channel 
head loss due to friction 
total length of channel 
wetted perimeter 
total length of channel 
area of cross-section 


total length of channel 
(e) none of the above. 


405. The total frictional resistance to fluid flow is inde- 
pendent of 
(a) density of fluid (b) velocity 
(c) pressure (d) surface roughness 
(e) area of wetted surface. | 
406. The ratio of the hydraulic radius of a pipe running 
full of water to the hydraulic radius of a square sec- 


tion of a channel, whose side is equal to the diam- 
eter of the pipe, is 


l 
1 b) = 
(a) (b) A 

1 3 
(c) 3 (d) 


(e) none of the above. 


407. Velocity of pressure waves due to pressure distur- 
bances imposed in a fluid is equal to 


Bulk modulus (£) 
© density © VE 


(c) |p/E (d) J VpE 


(e) none of the above. 


408. The velocity of fluid particle at the centre of pipe 
section is 
(a) zero (6) minimum 
(c) maximum (d) average of full section 
(e) some value in between minimum and maximum. 
409. Steady flow occurs when 
(a) conditions change steadily with time 
(6) conditions do nofe: with time at any point 
(c) conditions are same at adjacent points with time 
(d) velocity vector at any point remains constant 
(e) none of the above. 
410. Uniform flow occurs when 
(a) at every point the velocity vector is identical, in 
magnitude and direction, for any given instant 
(b) the flow is steady gt 
(c) discharge through a pipe 1s constant 
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(d) conditions do not change with time at any 

(e) none of the above. 

Which of the following represents steady uniform 

flow? 

(a) flow through an expanding tube at an increas 
rate 

(b) flow through an expanding tube at constant rate 

(c) flow through a long pipe at decreasing rate 

(d) flow through a long pipe at constant rate 

(e) none of the above. 

In the case of turbulent flow 

(a) it occurs in open channel 

(b) losses are proportional to square of velocity 

(c) velocity at boundary is zero 

(d) it is not possible to measure flow 

(e) shear stresses are more compared to laminar 
flow. 

For a siphon to work satisfactorily, the minimum 


pressure in the pipe as compared to vapour pressure 
of liquid should be 


(a) more 

(c) equal 

(e) unpredictable. 

Water hammer in pipes occurs due to 

(a) some one hitting the pipe with a hammer 

(b) sudden change in the velocity of any flowing 
fluid 

(c) heavy pressurisation of pipe 

(d) obstruction in pipe 

(e) none of the above. 


If a liquid in a pipe suddenly undergoes a change in 
velocity by AV and if P is density of liquid and c is 
the velocity of pressure wave or speed of sound in 
liquid, then change in pressure experienced equals 
(a) pc/Av (b) — Av/pe 

(e) — pAv/c (d) — p/cAv 

(e) none of the above. 


Which of the following represents unsteady non-uni- 
form flow ? 


(a) flow through an expandin 
rate 

(b) flow through an expanding tube at constant rate 

(c) flow through a long pipe at decreasing rate 


(d) flow through a long pipe at constant rate 
(e) none of the above. 


Point | 


ing 


(6) less 
(d) could be anything 


g tube at an increasing 


Critical depth of a channel is equal to 
v v? 

(a) — (6) — 
é 2g 
U 

(c) da (d)uxg 

(e) v? x g. 


In a short cylindrical external mouthpiece, the vena- 


contracta occurs at a place which is at a distance 
equal to 


(a) diameter of the orifice from the outlet of orifice 
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(b) one-fourth the diameter of the orifice from the 
outlet of orifice 


(c) one-third the diameter of the orifice from the 
outlet of orifice 

(d) two-third the diameter of the orifice from the 
outlet of orifice 

(e) none of the above. 

Fire hose nozzle is generally made of 

(a) divergent shape (b) convergent shape 

(c) convergent-divergent shape 

(d) cylindrical shape 

(e) parabolic shape. 

Chezy’s equation is used to determine 

(a) velocity of flow in open channel 

(b) velocity of flow in pipe 

(c) flow over weirs 

(d) discharge through notch 

(e) flow through mouthpiece. 


Equation of continuity results from the principal of 
conservation of 

(a) energy (b) flow 

(c) mass (d) momentum 

(e) entropy. 

Hydraulic grade line for any flow system as compared 


to energy line is 

(a) above 

(c) at same level 

(d) may be below or above depending upon velocity 
of flow 

(e) none of the above. 

The cause of turbulence in fluid flow may be 

(a) high velocity gradient 

(b) high Reynolds number 

(c) discontinuity in velocity distribution 

(d) high friction and stress in flow 

The magnitude of water hammer depends on 

(a) length of pipe 

(b) elastic properties of pipe material 

(c) rate of stoppage of flow 

(d) all of the above 

(e) none of the above. 

The magnitude of water hammer does not depend 

upon 

(a) temperature of fluid 

(b) length of pipe 

(c) elastic properties of pipe material 

(d) time of valve closure 

(e) rate of stoppage of flow. 

Which of the following represents unsteady uniform 

flow ? 

(a) flow through an expanding tube at an increasing 
rate 

(b) flow through an expanding tube at constant rate 

(c) flow through a long pipe at decreasing rate 

(d) flow through a long pipe at constant rate 

(e) all of the above. 


(6) below 
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A weir in which the downstream water level of the 

weir nappe is higher than the crest, is called 

(a) submerged weir (6) overflowing weir 

(c) broadcrested wear (d) cipoletti weir 

(e) ogee weir. 

Discharge through a totally submerged orifice is 

directly proportional to 

(a) the difference in elevation of water surface 

(b) the square root of the difference in elevation of 
water surface 

(c) the square root of the area of the opening 

(d) reciprocal of the area of the opening 

(e) none of the above. 


The upper surface of the weir over which water flows, 
is known as 

(a) vein (b) nappe 

(c) sill (d) weir top surface 


(e) none of the above. 

Which of the following represents steady non-uni- 

form flow ? 

(a) flow through an expanding tube at an increasing 
rate 

(b) flow through an expanding tube at constant rate 

(c) flow through a long pipe at decreasing rate 

(d) flow through a long pipe at a constant rate 

(e) none of the above. 

Drag is defined as the force component exerted on 

an immersed object, the component acting in direc- 

tion 

(a) normal to flow direction 

(b) parallel to flow direction 

(c) at resultant angle 

(d) radial to flow direction 

(e) opposite to flow direction. 

Pressure drag as per boundary layer theory is func- 

tion of 

(a) shape of body (b) dimensions of body 

(c) flow direction (d) separation of flow 

(e) shape of body and separation of flow. 

Profile drag is equal to 

(a) friction drag — pressure drag 

(b) pressure drag — friction drag 

(c) pressure drag + friction drag 

(d) pressure drag x friction drag 


pressure drag + friction drag 
2 
Bluff body is the body of such a shape that pressure 
drag as compared to friction drag is 
(a) same (b) more 
(c) less (d) zero 
(e) negligible. 
A body is said to be provided optimum amount of 
streamlining when 
(a) friction drag is minimum 
(b) pressure drag is minimum 


(e) 
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(d) states that the net rate of inflow into sma) 
volume must be zero 
(e) none of the above. | 
444. Head loss in turbulent flow in a pipe 


(c) profile drag (i.e. sum of friction drag and 
pressure drag) is minimum | 

(d) product of friction and pressure drag 1s 
minimum 


(e) friction drag is minimum and pressure drag is (a) varies directly as velocity | 
maximum (b) varies inversely as square of velocity 
436. The flow of any fluid, real or ideal, must fulfill the (c) varies approximately as square of velocity 
following (d) depends upon orientation of pipe 
(a) Newton’s law of viscosity (e) varies inversely as velocity. | 
(b) Newton’s second law of viscosity 445. The losses in open channel vary as proportional to 
(c) Velocity at boundary must be zero relative to the (a) velocity (V) (b) V? 
peters () V (d) V? 


(d) the continuity equation 











(e) none of the above. (e) l. 
437. Turbulent flow generally occurs for cases involving WV 
(a) very slow motions (b) very viscous fluids 446. The losses due to sudden expansion are expressed 
(c) very narrow passages (d) all of the above by n n 
(e) none of the above. (a) Vi - Vo Ve (b) ToL 
438. In turbulent flow 2g 28 
(a) the shear stresses are generally larger than in a (Vi Als (V; - Vp)? 
similar laminar flow (c) (d) Og 
(b) fluid particles move in an orderly manner y 
(c) momentum transfer is on a molecular scale only (e) 0.5V; 
(d) cohesion is more effective than momentum 2g 
transfer in causing shear stress 447. The losses due to sudden contraction are expressed by 
(e) none of the above. (a) Ve _ Ve (b) y = V/ 
439. In laminar flow 2g 2g 
(a) the velocity is no consideration (V, —V,)? (V, — V)? 
(b) Newton’s law of viscosity applies (c) —-—2— (d) 14 
(c) losses are proportional to square of velocity é 28 
(d) generally occurs in practice (e) 0.5V; l 
(e) rarely occurs. 2g 
440. Continuity equation can take the form 448. The depth of water below the spillway and after 
(a) Q=pVv (b) p,A,=PoA, hydraulic jump are 1 m and 6 m respectively. The 
(c) AV,=A,V, (d) p,A,V,=PoAV> head lost will be 
(e) all of the above. (a) 1.04 m (6)5m 
441. The continuity equation (c) 1.7 m (d) 2.05 m 
(a) requires that Newton’s second law of motion be (e) none of the above. 
satisfied at every point in fluid 449. The velocity distribution for flow between two fixed 
(b) relates the momentum per unit volume for two parallel plates 
' points on a streamline (a) it constant over the cross-section 
(c) expresses the relation between energy and work (b) is zero at the plates and increases linearly to the 
(d) relates mass rate of flow along a streamline midplane 
(e) none of the above. (c) varies parabolically across the section 
442. Continuity equation relates (d) is zero in middle and increases linearly towards 
(a) conservation of mass and momentum the plates 
(b) energy and work (e) none of these. 
(c) frictional losses 450. Bernoulli’s theorem is applicable for 
(d) mass rate of flow along a streamline (a) streamline flow (b) steady flow 
(e) shear stress in turbulent flow. (c) turbulent flow (d) normal flow 
443. The continuity equation in fluid flow (e) perfect incompressible fluid flowing in conti- 
(a) states that energy is constant along a streamline HUJUS HEERE: 
(b) states that energy is constant everywhere in the 451. The shear stress in a fluid flowing in a round pipe 
fluid (a) is constant over the cross-section 
(c) applies to irrotational flow only (b) is zero at the wall and increases linearly to the 
centre 


p 
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(c) is zero at centre and varies linearly with radius 
(d) varies parabolically across the section 
(e) unpredictable. 


452. Which one is the correct statement ? 


(a) Hydraulic grade line should always be above the 
centre line of conduit 


(b) Hydraulic grade line should always be below the 
centre line of conduit 

(c) Hydraulic grade line should always the parallel 
to the centre line of conduit 


(d) Hydraulic grade line may be above or below the 
centre line of conduit 


(e) none of the above. 


453. A liquid jet from a nozzle exposed to atmosphere 


traverses along 

(a) a straight line 
(c) an elliptical path 
(e) hyperbolic path. 


(b) a circular path 
(d) parabolic path 


454. In laminar flow through a round tube, the discharge 


varies 

(a) linearly as the viscosity 

(b) inversely as the pressure drop 
(c) as the cube of the diameter 
(d) inversely as the viscosity 

(e) directly as the static head. 


455. If p is density of fluid, then pressure of fluid due to 


water hammer is directly proportional to 


We (b) 7 
(c) Jp (d) p? 
1 
(e) —. 
p’ 


456. The magnitude of rise of pressure due to water 


hammer in a rigid and non-elastic pipe carrying 
water of density p and bulk modules k will be equal 
to 


(a) ad 
|p 

P 

(c) fe 


(e) kp. 


(b) Jkp 


g 
d7 


457. Separation occurs when 


(a) the velocity of sound is reached 

(b) the boundary layer comes to rest 

(c) the cross-section of a channel is reduced 
(d) the pressure reaches a minimum 

(e) all of the above. 


458. The value of coefficient of velocity compared to coef- 


ficient of discharge 
(a) is less 

(c) has no relation 
(e) none of the above. 


(b) is more 
(d) is same 


459. The hydraulic radius is given by 


(a) wetted perimeter divided by area 


460. 


461 


462. 


463. 


464. 


465. 





(b) area divided by square of wetted perimeter 
(c) area divided by wetted perimeter | 
(d) square root of area (e) none of the above. 
Pick up the correct statement 
(a) venturimeter is more accurate than nozzle 
(b) nozzle has same accuracy as venturi, but 
pressure loss is more and the cost is low 
(c) pressure loss in both is same 
(d) venturimeter has no restriction on availability 
of straight length 
(e) nozzle has no restriction on availability of 
straight length. 
Rotameter is used to measure 
(a) rotation (b) flow 
(c) pressure (d) velocity 
(e) viscosity. 
The most economical section of a trapezoidal chan- 
nel for maximum discharge is obtained when 
(a) hydraulic depth = half of depth 
(b) half of top width = sloping side 
(c) length at perpendiculars from centre of top 
width to bottom and sloping sides are equal 
(d) all of the above (e) none of the above. 
When venturimeter is inclined, then for a given flow 
it will show 
(a) less reading 
(c) same reading 
(e) erroneous reading. 
The vertical component of force on a curved surface 
submerged in a static liquid is equal to the 
(a) mass of the liquid above the curved surface 
(b) weight of the liquid above the curved surface 
(c) product of pressure of C.G. multiplied by the 
area of the curved surface 
(d) product of pressure at C.G. multiplied by the 
projected area of the curved surface. 
Two pipe lines at different pressures, p, and pp, each 
carrying the same liquid at specific gravity S,, are 
connected to a U-tube with a liquid of specific grav- 
ity S, resulting in the level differences h,, h, and ha 
as shown in the figure below. The difference in pres- 
sure head between points A and B in terms of head 
of water is 


(b) more reading 
(d) inaccurate reading 





(b) h,S, + h83- hS, 


(a) h Sz + hyS, + hS: 
(d) h,S, + h,S, + hS. 


(c) h,S, = hy So- h3S, 
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466. 


467. 


468. 





469, 


470. 


471. 


In a rough turbulent flow in a pipe, the friction fac- 


tor would depend upon 
(a) velocity of flow (b) pipe diameter 


(c) type of fluid flowing (d) pipe condition and 
pipe diameter. 


Laminar + Increasing 





(smooth pipe) 


—» LogR, 


In turbomachinery, the relevant parameters are vol- 
ume flow rate, density, viscosity, bulk modulus, pres- 
sure difference, power consumption, rotational speed 
and a characteristic dimension. According to 
Buckingham pi (r) theorem, the number of indepen- 
dent non-dimensional groups for this case is 

(a) 3 (b) 4 

(c) 5 (d) 6 


List I gives 4 dimensionless numbers and List II gives 
the type of forces which are one of the constitutents 
describing the numbers. Match List I with List II 
and select the correct answer using the codes given 
below the lists : 


List I 
A. Euler number 
B. Froude number 
C. Mach number 
D. Webber number 


List II 
1. Pressure force 
2. Gravity force 
3. Viscous force 
4. Surface-tension 
5. Elastic force 


Codes: A B C D 
(a) 2 3 4 5 
(b) 3 2 4 5 
(c) 2 1 3 4 
(d) 1 2 5 4 


In a pipe flow, the head lost due to friction of 6 m. If 
the power transmitted through the pipe has to be 
the maximum, then the total head at the inlet of the 
pipe will have to be maintained at 
(a) 36 m (b) 30 m 
(c) 24 m (d) 18 m. 


If H is the total head at inlet and h, is the head lost 
due to friction, efficiency of Power transmission 
through a Straight pipe is given by 

(a) (H - h XH (6) HKH + h,) 

(c) (H = h WH + h,) (d) HH — h,). 

A dimensionless group formed with the variables p 


(density), w (angular velocity), u (dynamic viscosity) 
and D (characteristic diameter) is 


472. 


473. 


474, 


475. 


d 
J 


MECHANICAL ENGINEER IN, 
(a) pop /D? (b) pwD? /u 
(c) pwd? (d) powD. 
The following terms relate to floating bodies: 
Centre of gravity sin 
Meta centre dh 
Weight of floating body ... W 
Buoyant force -Fr 


Match List I with List II and select these correg 
answer. 
List I 
(Condition) 
A. G is above M 
B. G and M coincide 
C. G is below M 


List II 

(Result) 
1. Stable equilibrium 
2. Unstable equilibrium 
3. Floating body 


D.F,2W 4. Neutral equilibrium 
Codes: A B C D 
(a) 1 3 2 4 
(b) 3 1 4 2 
(c) 2 3 4 1 
(d) 2 4 1 3 


For fully developed laminar flow through a pipe the 
volumetric flow is given by (symbols have the usual 


meaning) 
(a)  R4 [- 2) (b) H- P) 
8u 4u\ dz 
T dp T d 
(c) — R4 (- <2) poe (2) 
~ 32h dz k Ti dz 


A Prandtl Pitot tube was used to measure the velocity 
of a fluid of specific gravity S,. The differential 
manometer, with a fluid of specific gravity S,, 
connected to the Pitot tube recorded a level difference 
as h. The velocity V is given by the expression. 
ee 





(a) /2gh(S,/S, -D b) 2gh(S,/S, — D 
(e) J2gh(S, — So) (d) J2gh(S, - Sı). 


The expression (p + pgz + pv?/2) commonly used to 
express Bernoulli’s equation, has units of 

(a) total energy per unit mass 

(b) total energy per unit weight 

(c) total energy per unit volume 

(d) total energy per unit cross-sectional area of flow. 
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476. Match List I with List II and select the correct 
answer. 
List I List II 
(Properties of fluids) (Definition / Results) 
A. Ideal fluid 1. Viscosity does not 


change with rate of 
deformation 


481. 


(b) V, = D? for all diameters 


(c) Va D2 for large D and V, « D? for small D 

(d) Vi D? for large D and V, ~ D*!? for small D. 

In the region of the ESR layer nearest to the 

wall where velocity is not equal to zero, the viscous 

forces are 

(a) of the same order of magnitude as the inertial 
forces. 


sa aaa Aa Ona re via coaity (b) more than inertial forces. 
pup . 3. Dynamic viscosity (c) less than inertial forces 
D. Mercury in glass 4. Capillary depression (d) negligible. 
5. Kinematic viscosity 482. Which one of the following statements is correct ? 
6. Capillary rise. Hydrodynamic entrance length for 
Codes: A B C D (a) laminar flow is greater than that for turbulent 
(a) 1 2 4 6 flow. 
(b) 1 2 3 4 (b) turbulent flow is greater than that for laminar 
(c) 2 1 3 6 flow. 
(d) 2 1 5 4 (c) laminar flow is equal to that for turbulent flow. 


(d)a given flow can be determined only if the 
Prandtl number is known. 
Match List I with List II and select the correct : 
List I List I 
A. Reynolds number 1. Film coefficient, pipe 


477. List I gives the different items related to a boundary 
layer while List II gives the mathematical expres- 
sions. Match List I with List II and select the cor- 
rect answer using the codes given below the lists: 
(symbols have the usual meaning). 


483. 


List I List II diameter, thermal 
A. Boundary layer 1. y=68,u=0.99 U conductivity 
thickness B. Prandtl number 2. Flow velocity, acoustic 
velocity 
B. a thickness 2. f £ -E dy C. Nusselt number 3. Heat capacity, dynamic 
Ua viscosity, thermal 
ô u u conductivity. 
C. Momentum thickness 3. o U #(1- a dy D. Mach number 4. Flow velocity, pipe 
i diameter, kinematic 
D. Energy thickness 4. i +: a dy viscosity. 
Do Codes: A B C D 
Codes: A B C D (a) 4 1 3 2 
(a) 1 2 3 4 (b) 4 3 1 P 
(b) 2 1 4 3 (c) 2 3 1 4 
(c) 9 1 3 4 (d) 2 1 3 4 
(d) 1 9 4 3 484. A rectangular water tank, full to the brim, has its 


length, breadth and height in the ratio of 2:1: 2. 
The ratio of hydrostatic forces at the bottom to that 
at any larger vertical surface is 
(a) 1/2 (b) 1 
(c) 2 (d) 4. 
Match List I (fluid properties) with List II (related 
terms) and select the correct answer. 

List I List II 
A. Capillarity 1. Cavitation 


478. A laminar boundary layer occurs over a flat plate at 
zero incidence to the flow. The thickness of boundary 
layer at a section 2 m from the leading edge is 2 mm. 
The thickness of boundary layer at a section 4 m from 
the leading edge will be 

(a) 2 x (2)? mm (b) 2 x (2)”2 mm 

(c) 2 x (2)45 mm (d) 2 x (2)¥° mm. 

The model of a propeller, 3 m in diameter, cruising 
at 10 m/s in air, is tested in a wind tunnel ona 1:10 
scale model. If a thrust of 50 N is measured on the 
model at 5 m/s wind speed, then the thrust on the 


485. 


479, 


2. Density of water. 
3. Shear forces. 


B. Vapour pressure 
C. Viscosity 


prototype will be D. Specific gravity 4. Surface tension. 
(a) 20,000 N (b) 2,000 N Codes: A B C D 
(c) 500 N (d) 200 N. , (a) 1 4 2 3 
480. For solid sphere falling vertically downwards under (b) 1 4 9 2 
gravity in a viscous fluid, the terminal velocity, V, (c) 4 1 2 3 
varies with diameter ‘D’ of the sphere as (d) 4 1 3 9 
(a) V, = D¥? for all diameters 
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Match List I with List I and select the correct 


486. 
r: 
ee List I List II 
(Predominant force) (Dimensionless numbers) 


1, Euler number. 

2. Prandtl number 
3. Mach number 

4, Reynolds number. 
5. Weber number. 


A. Compressibility force 
B. Gravity force 
C. Surface tension force 
D. Viscous force 


Codes: A B C D 
(a) 1 2 3 4 
(b) 3 2 5 4 
(c) 3 1 4 5 
(d) 2 3 5 1 
487. In the context of performance evaluation of I.C. 


Engine, match List I with List II and select the 
correct answer. 
List I List II 


(Parameter) (Equipment for measurement) 
A. Brake power (B.H.P.) 1. Bomb calorimeter. 


B. Engine speed 2. Electrical tachometer. 
C. Calorific value of fuel 3. Hydraulic 
dynamometer 
D. Exhaust emissions 4. Flame ionisation 
detector. 
Codes: A B C D 
(a) 3 1 2 4 
(b) 4 2 1 3 
(c) 3 2 1 4 
(d) 2 3 4 1 


488. A large metacentric height in a vessel 


489. 


490. 


(a) improves stability and makes periodic time to 
oscillation longer 

(b) impairs stability and makes periodic time of 
oscillation shorter 

(c) has no effect on stability or the periodic time of 
oscillation. 

(d) improves stability and makes the periodic time 
of oscillation shorter. 

For an irrotational flow, the velocity potential lines 

and the streamlines are always 

(a) parallel to each other (b) coplanar 

(c) orthogonal to each other 

(d) inclined to the horizontal. 


Match List-I with List-II and select the correct 

answer using the codes given below the Lists: 
List-I List-II 

(Measuring device) (Parameter measured) 

A. Anemometer 1. Flow rate 

B. Piezometer 2. Velocity 

C. Pitot tube 3. Static pressure 

D. Orifice 4. Difference between 


static and stagnation 
pressure 


491. 


492. 


493. 


494. 


495. 
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E 
Py 


Codes: A B C D 5 
(a) 1 3 4 2 
(b) 1 2 3 4 
(e) 2 3 4 1 
(d) 2 4 3 1 
Flow separation is caused by 


(a) reduction of pressure to local vapour PreSSure 

(b) a negative pressure gradient. 

(c) a positive pressure gradient. 

(d) thinning of boundary layer thickness to Zero, 

The normal stress is the same in all directions a i 

point in a fluid only when 

(a) the fluid is frictionless. 

(b) the fluid is frictionless and incompressible, 

(c) the fluid has zero viscosity and is at rest. 

(d) one fluid layer has no motion relative to ay 
adjacent layer. 

A house-top water tank is made of flat plates and js 

full to the brim. Its height is twice that of any side. 

The ratio of force on the bottom of the tank to that 

on any side will be 

(a) 4 (b) 2 

(c) 1 (d) 1/2. 

A right-circular cylinder, open at the top is filled with 

liquid of relative density 1.2. It is rotated about its 

vertical axis at such a speed that half the liquid spills 

out. The pressure at the centre of the bottom will be 

(a) zero 

(b) one-fourth of the value when the cylinder was 
full 


(c) half of the value when the cylinder was full 
(d) not determinable from the given data. 
Match List-I with List-II regarding a body partly 
submerged in a liquid and select the correct answer 
using the codes given below the lists : 

List-I List-II 
A. Centre of pressure 1. Point of application of 
the weight of displaced 
liquid 
Point about which the 
body starts oscillating 
when tilted by a small 
angle 
Point of application of 
hydrostatic force 


B. Centre of gravity 2. 


C. Centre of buoyancy 3. 


D. Metacentre 4. Point of application of 
the weight of the body 
Codes: A B C D 
(a) 4 3 1 2 
(b) 4 3 2 1 
(c) 3 4 1 2 
(d) 3 4 2 1 


496. A bucket of water hangs with a spring balance. If a” 


iron piece is suspended into water from anothe! 
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499. 





500. 


501. 


502. 


A a E k 


support without touching the side siui 
soft 
spring balance will show a 
(a) an increased reading 
(b) a decreased reading 
(c) no change in reading 
(d) increased or decreased reading d i 
epe 

depth of immersion. i i 

If the surface tension of water-air interface is 


0.073 N/m, the gauge pressure insid i 
i-mm diameter-will be e a rain drop of 


(a) 0.146 N/m? (b) 73 N/m? 
(c) 146 N/m? (d) 292 N/m?2. 
The velocity in laminar flow becomes equal to the 


average velocity at following radius from the centre 
of a pipe (of radius r,) 


(a) r,/2 (b) ry J2 
(c) ro/ V3 (d) 2r v3 i 


Fig. below shows three pipes. The equivalent diam- 
eters of these pipes in descending order will be 
(a)B>C>A b)B>A>C 
(c)A>B>C (d)A>C>B. 





Rectangle 
(C) 


Triangle 


(B) 


A large stone weights 100 kg in air, and when it is 
immersed in water, it weights 60 kg. Its specific 


weight is 
(a) 1500 kg/m? (b) 2000 kg/m? 
(c) 2500 kg/m? (d) 3000 kg/m?. 


It is desired to predict the pressure drop in a large 
air duct. A model is constructed with linear dimen- 
sions one-tenth those of the prototype, and water is 
used as the test fluid. If water is 1000 times denser 
than air and has 100 times the viscosity of air, de- 
termine the pressure drop in the prototype for the 
condition corresponding to a pressure drop of 1 kg/ 
cm? in the model. 

(a) 0.001 kg/cm? (b) 0.01 kg/cm? 

(c) 0.1 kg/cm? (d) 10 kg/cm’. 

A model of the hull of a ship is to be constructed to 
determine the drag characteristics of the ship in a 
towing tank. If the hull model is made 3 m long and 
ship is taken to be 300 m long, at what speed the 
model be operated to obtain data for ship operating 


at 100 km/hr. 
Towing tank is 
prototype mode. 


filled with sea water compared to 
The speed and force on model will 


be 7 
(a) 0.01, 10+ (b) 0.1, 10 
(c) 0.1, 10° (d) 0.01, 10. 
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In the design of deep-diving submersibles, the ma- 
jor requirements are minimum weight for buoyancy 
and maximum strength for pressure. The ideal choice 


for this purpose would be as per following part of 
Fig. below. 





(A) (C) 
Vessel of Intersecting Conical 
revolution spheres vessel 


504. 


505. 


506. 








(D) (E) 
Ellipsoidal vessel Thick cylinder 


(a) A (b) B 
(c) C (d) D 
(e) E. 


Fig. below shows the relative values of absolute 
viscosity of some important liquids/gases and how 
these vary with temperature. The curves applicable 
for air, glycerin, crude oil and water respectively are 


Absolute viscosity ————> 





Temperature ———> 


(a) D, A, B,C (b) C, B, A, D 
(c) A, D, B,C (d) B, C, D,A 
(e) D, A, C, B. 


A channel is 4 m wide and 2 m deep. The rate of flow 
is 20 m3/sec. The flow is 
(a) subcritical 

(c) supercritical 

If the depth of flow over a 
flow will increase 
(a) 2 times 

(c) 4.8 times 


(b) critical 
(d) data is insufficient. 
V-notch is doubled, the 


(b) 4 times 
(d) 5.6 times. 
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A trapezoidal open channel has the cross-section as 
shown in the given Fig. above. In order to have maxi- 


1. (d) 
9. (e) 
17. (a) 
25. (d) 
33. (c) 
41. (a) 
49. (a) 
57. (b) 
65. (b) 
73. (c) 
81. (a) 
89. (d) 
97. (a) 
105. (d) 
113, (c)* 
121. (d) 
129. (d) 
137. (b) 
145. (c) 
153. (b) 
161. (d) 
169. (a) 
177. (b) 
185. (a) 
193. (e) 
201. (b) 
209. (d) 
217. (c) 
225. (d) 
233. (c) 
241. (e) 
249. (a) 
257. (a) 
265. (b) 
273. (e) 
281. (c) 
289. (d) 
297. (d) 
305. (e) 


90. (c) 
98, (c) 
106. (b) 
114. (e) 
122. (c) 
130. (b) 
138. (c) 
146. (e) 
154. (d) 
162. (d) 
170. (e) 
178. (c) 
186. (d) 
194. (b) 
202. (d) 
210. (b) 
218. (c) 
226. (c) 
234. (d) 
242. (d) 
250. (b) 
258. (c) 
266. (c) 
274. (e) 
282. (c) 
290. (a) 
298. (b) 
306. (d) 


3. 


(d) 4. (d) . (e) 8. (c) 
11. (d) 12. (d) 13. (e) 14. (b) 15. (c) 16. (c) 
19. (c) 20. (d) 21. (d) 22. (e) 23. (e) 24. (a) 
27. (e) 28. (d) 29. (d) 30. (a) 31. (b) 32. (c) 
35. (a) 36. (b) 37. (d) 38. (e) 39. (d) 40. (c) 
43. (b) 44. (b) 45. (e) 46. (c) 47. (d) 48. (b) 
51. (a) 52. (a) 53. (b) 54. (d) 55. (d) 56. (c) 
59. (a) 60. (c) 61. (a) 62. (c) 63. (d) 64. (d) 
67. (c) 68. (c) 69. (a) 70. (c) 71. (c) 72. (b) 
75. (d) 76. (c) 77. (b) 78. (d) 79. (c) 80. (a) 
83. (c) 84. (c) 85. (b) 86. (c) 87. (b) 88. (e) 
91. (b) 92. (c) 93. (a) 94. (c) 95. (b) 96. (c) 
99. (d) 100. (c) 101. (d) 102. (a) 103. (a) 104. (b)* 
107. (d) 108. (c) 109. (d) 110. (b) 111. (e) 112. (e) 
115. (b) 116. (e) 117. (a) 118. (c) 119. (b) 120. (a) 
123. (d) 124. (d) 125. (c) 126. (a) 127. (b) 128. (a) 
131. (a) 132. (c) 133. (b) 134. (c) 135. (c) 136. (a) 
139. (a) 140. (d) 141. (a) 142. (b) 143. (d)* 144. (c) 
147. (a) 148. (a) 149. (a) 150. (a) 151. (d) 152. (b) 
155. (b) 156. (d) 157. (d) 158. (d) 159. (d) 160. (d) 
163. (c)* 164. (e) 165. (a)* 166. (a) 167. (e) 168. (d) 
171. (c) 172. (c) 173. (d) 174. (b) 175. (d) 176. (d) 
179. (c) 180. (c) 181. (b) 182. (b) 183. (b) 184. (e) 
187. (c) 188. (d) 189. (a) 190. (d) 191. (c) 192. (c) 
195. (c) 196. (d) 197. (b) 198. (a) - 199. (e) 200. (c) 
203. (b) 204. (e) 205. (a) 206. (b) 207. (e) 208. (c) 
211. (d) 212. (c) 213. (d) 214. (a) 215. (c)* 216. (b)* 
219. (c) 220. (d) 221. (a) 222. (d) 223. (c) 224. (d) 
227. (c) 228. (a) 229. (c) 230. (d) 231. (d) 232. (a) 
235. (b) 236. (a) 237. (e) 238. (a) 239. (a) 240. (d) 
243. (e) 244. (a) _ 2465. (c) 246. (c) 247. (a) 248. (d) 
251. (d) 252. (c) 253. (a) 254. (d) 255. (a) 256. (a) 
259. (a) 260. (b) 261. (d) 262. (b) 263. (b) 264. (a) 
267. (e) 268. (a) 269. (d) 270. (d) 271. (b) 272. (a) 
275. (b) 276. (d) 277. (b) 278. (d) 279. (b) 280. (d) 
283. (a) 284. (a) 285. (b) 286. (d) 287. (a) 288. (d) 
291. (e) 292. (c) 293. (a) 294. (b) 295. (e) 296. (c) 
299. (d) 300. (b) 301. (a) 302. (a) 303. (d) 304. (e) 
307. (e) 308. (c) 





MECHANICAL ENGINEERING 


mum hydraulic efficiency, the hydraulic radi 
and the length of the side, Z should be. 


(a) d and 2 d respectively 
4 43 


Z 


(b) g and = d respectively 
4 


(c) 4 and à d respectively 
2 


3 


(d) d and E d respectively. 
2 


5. (e) 6. (d) 7 






309. (a) 310. (c) 311. (b) 312. (a) 
*Indicates that explanatory note is given at the end. 
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314. (c) 


317. (d) 
325. (a) 
333. (a) 
341. (c) 
349. (c) 
357. (a) 


313. (a) 315. (c) 316. (a) 
$21. (c) 322. (d) 323. (b) 324. (c) 
329. (e) 330. (a) 331. (c) 332. (a) 
337. (d) 338. (a) 339. (d) 340. (b) 
345. (d) 346. (d) 347. (d) 348. (d) 
353. (b) 354. (a) 355. (e) 356. (e) 
361. (a) 362. (d) 363. (c) 364. (c) 
369. (a) 370. (b) 371. (a) 372. (b) 
377. (c) 378. (c) 379. (c) 380. (e) 
385. (b) 386. (a) 387. (e) 388. (e) 
393. (a) 394. (d) 395. (c) 396. (e) 
401. (d) 402. (a) 403. (d) 404. (b) 
409. (b) 410. (a) 411. (d) 412. (e) 
417. (a) 418. (b) 419. (b) 420. (a) 
425. (a) 426. (c) 427. (a) 428. (b) 
433. (c) 434. (b) 435. (c) 436. (d) 
441. (d) 442. (d) 443. (d) 444. (c) 
449. (c) 450. (e) 451. (c) 452. (d) 
457. (b) 458. (b) 459. (c) 460. (b) 
465. (d)* 466. (d)* 467. (d)* 468. (d)* 
473. (a) 474. (d)* 475. (c)* 476. (c) 
481. (c) 482. (a) 483. (b) 484. (a)* 
489. (c) 490. (c) 491. (b) 492. (b) 
497. (d)* 498. (b)* 499. (d)* 500. (c)* 
505.(a)* 506. (d)* 507. (c) 


104. As density of atmosphere varies with altitude, 

decrease is not linear. 
113. Itis an ordinary manometer containing only the fluid 

in conduit and thus very sensitive. 
143. Weight in air = Weight in water + p x V 

or, 3=2.5+1000x V 

0.5 
V = — 
7 1000 
in al 3 x 1000 
gq = Wtinair _ 3x0 =6. 
V xp 0.5 x 1000 


163. Froude No. of prototype = Froude No. of model 





V V’ V vV agep 
or —— = ee a 
Jel Jel’ VL JE 
10 Z vV 
J100 4100/25 
or |= OL V’ and V’ = 2 m/sec. 
10 2 
165. Reynold no. of prototype and model has to be same. 
5x1 _25xl (=p) 
u p’ 
-3 21:5 
l 25 


*Indicates that explanatory note is given at the end. 


365. 
373. 
381. 
389. 
397. 
405. 
413. 
421. 
429. 
437. 
445. 
453. 
461. 
469. 
477. 
485. 
493. 
501. 


215. If V is volume of 


216. 


448. 


465. 


(c) 
(a) 
(b) 
(c) 
(d) 
(c) 
(a) 
(c) 
(c) 
(e) 
(b) 
(d) 
(b) 
(d)* 
(a) 
(d) 
(b)* 
(a)* 


7) EXPLANATORY NOTES 


318. (c) 
326. (c) 
334. (c) 
342. (d) 
350. (d) 
358. (b) 
366. (c) 
374. (c) 
382. (d) 
390. (c) 
398. (b) 
406. (d) 
414. (b) 
422. (b) 
430. (b) 
438. (a) 
446. (d) 
454. (d) 
462. (d) 
470. (a) 
478. (b)* 
486. (b) 
494. (a)* 
502. (c)* 


mercury, then 


xV 7 


V 13.6 


319. (d) 
327. (d) 
335. (c) 
343. (a) 
351. (a) 
359. (d) 
367. (a) 
375. (c) 
383. (c) 

391. (b) 
399. (e) 

407. (a) 
415. (a) 
423. (a) 
431. (b) 
439. (b) 

447. (e) 


455. (b) 


463. (c) 
471. (b) 


479. (a)* 


487. (c) 
495. (c) 
503. (b)* 


and x= 0.515. 





320. (c) 
328. (a) 
336. (a) 
344. (b) 
352. (d) 
360. (a) 
368. (a) 
376. (c) 
384. (d) 
392. (a) 
400. (e) 
408. (c) 
416. (a) 
424. (d) 
432. (e) 
440. (c) 
448. (a)* 
456. (a) 
464. (b) 
472. (d) 
480. (b) 
488. (d) 
496. (c)* 
504. (a)* 






metal, and x the fraction under 


If V is total volume of wood, and S its sp. gravity ; 


and if V is volume under water, then 


Head loss in hydraulic jump 


V sS 


V 1 





Considering the datum at XX in Fig. below, the net 
pressure on left side is p, — hS; 
(the pressure due to inverted portion being equal) 
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= thd ated 


and net pressure on right side = pp + hS} + hS, 493. Force at bottom = pgA x 2h F 
Pa-Pp=hS,+hS,+hgS, Force at side of tank = pgA x 2h 
466. Fig. in Q. 466 is a plot of log (friction factor ‘f’) and 2 
log (Reynolds number ‘Re’). It would be seen that for 
smooth turbulent flow, f varies inversely as Re. 
But in case of rough pipes, behaviour changes de- 
pending on value of relative smoothness r/k (radius/ paraboloid formed is half above and half below the 


average diameter of sand particles). liquid level at rest. Thus pressure at the centre of 
Thus friction factor f for rough turbuluent flow in a bottom will be zero. 
pipe depends upon pipe condition and pipe diameter. 


Ratio of forces at bottom to side = 2, 


494. When half the liquid is spilled, there will be no 


uid at centre because in such a case the height of 


lig. 


496. Whatever is the weight of iron piece buoyancy force 
to same extent acts upward and thus spring balance 


Friction factor for laminar flow f = =, L.e., it is on which water bucket is hanging will show no 


independent of the relative roughness of pipe. change in reading. 

However in the turbulent flow, the friction factor, as deran dre 4T 4x0.073 
observed from several experiments, is a function of 497. Pressure inside rain drop = d 0001 
the relative roughnesss i.e., the pipe condition and = 292 N/m? 

pipe diameter. Thus (d) is the correct choice. 


467. In this case, the number of physical quantities given 498. For Laminar flow in pipe, 
are n = 8. Number of fundamental dimensions m = 3. 
According to Buckingham r theorem, number of 
independent non-dimensional groups = n — m 
8-3=5. 

468. Euler number is concerned with pressure force and 
this choice is available for A in code (d) only. If one 
is confident, then there is no need to look for items 
B, C and D. However a cross check will show that 
Froude number is concerned with gravity force, Mach 


number with elastic force, and Weber number with 
surface tension. 





469. Head lost due to friction is 6 m. Power transmitted 


is maximum when friction head is 1/3 of the supply 
head. 


or 
Supply head should be 18 m. 


2 
474, Velocity head is L = AS,- hS}, 
8 


and V = J 2gh(So i S1) g 


or 

2 

475. The expression p + pgz + a has units of 2. 
m 








Nm ( energy ) 
or fatai . 
m? \ volume 


478. Thickness of boundary layer at 4 mm from leading 
edge = 2 x (4/2)¥2 = 2 x 22 mm. 





Also, average velocity Y= A _ Av. 8u 


pea (2) 
2 2 Ar Su 
479. Force ratio = 2m x 4m x Vm, Comparing (1) and (2), 
p D V m 
0 p2 _ 12 
2 2 ry =f ~r 
R E (5) or 50_1 „1 
F 10 10 F, 100 4 Ty” 
f P or r= and r= ®© 
or F, = 50 x 400 = 20000 N. 2 V2 
484. Hydrostatic force at bottom = pg AZ = pg(2x x 1x) x 499, For square pipe, A=L?, P= 41 
2x de ast _4A 47? 
z (length = 2x ; breadth = 1x ; height = 2x) = 2pgx3 Diz ee PTA = 


Hydrostatic force at larger vertical surface = pg i , _ WS raa 
(2x x 2x) x 2x/2 = 4pgx? For triangular pipe, A = Y? L2, P= 3L 
Ratio of above forces = 1/2. 
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For rectangular pipe, 
2 
== ,P= 4541 +L=3L 
I? 
_44_*“p 2 
< P 3L 3 


500. The buoyant effect in water is the difference between 
the weight in air and in water, i.e., 100 — 60 = 40 kg. 
This buoyant effect equals the weight of water dis- 
placed or the volume of displaced water multiplied 
by the specific weight of water. 


p,, V = 40 
or = 407 m8 
1000 


Specific weight of stone 
_ Weight in air 
V 
= 2500 kg/m. 


For similarity, Reynolds number in propotype and 
model must be equal 


PpYpDp = Sina me ni 
Hp Um 


or Vp _ Pm Dn Hp _ 1000 1 1 -1 
Vn (Pp J Dp J\Hm) 1 10° 100 


2 2 
Pp _ Pp | Ye =li) 
P, Pm \Vm) 1000 \1 


-= 100 > 1000 
40 


501. 


l.e. 





1 iy 
or P =1x (3) = 0.001 kg/em?. 
i 1000 \1 
502. In this case Froude number must be same for model 
and prototype. 
2 
l.e., La = constant 
Lg 
2 y? 2 L 3 1 
or Vm _ p or Vin. Am = = 
La L, v 5 300 100 


503. 


504. 


505. 


506. 


Force requirement is given by 


l “(ear 
- BE 


2 2 
1 10 1 
= -x| — | x| — | =10®. 
1 (ao) (5) 


Sphere is an ideal pressure vessel for economy. 
Where requirements exceed practicable for single 
sphere, multiple intersecting sphere are used which 
offer most economical design of vessels for extremely 
high pressures. Thus section (B) is ideally suited for 
the given application. 


It is important to have some relative idea of absolute 
viscosity of some substances. With rise in 
temperature, viscosity of gases increases and that of 
liquid decreases. Moreover viscosity of gases is much 
less compared to liquids. Thus curve D is for air. 
Among glycerine, crude oil and water, water is least 
viscous and thus curve C is for water. Glycerine is 
most viscous and therefore curve A is applicable for it. 
A x V = Q 


or V Q 20 


A 2x4 
For checking, whether flow is critical/subcritical/ 


= 2.5 m/sec. 





2 
supercritical, determine the value of Lá (y = depth) 
E&Y 
125" 
981 x2 
The flow is therefore subcritical. 
Flow over V-notch œ h5/2 
For double depth 
Flow œ (2h)*/ 


pë J32 h52 


= OS 5.6. 


Provide single suitable word(s) for following 
statements : 


1. The branch of applied mechanics dealing with the 
behaviour of fluids at rest and in motion. 


2. When in equilibrium, fluids can’t sustain ............ forces. 

3. Ratio of the mass of a body to the mass of an equal 
volume of a substance taken as a standard. 

4, The property which determines the amount of its resis- 
tance to a shearing force. 


5. Kinematic coefficient of viscosity is the ratio of.abso- 
lute viscosity and .............004 

6. Viscosities of liquids ............... affected by pressure 
changes. 

7, Kinematic viscosity of gases varies .................. as the 
pressure. 

8. Surface molecules have .......... energy than interior 
molecules in a liquid. 

9, The work to be done to bring enough molecules from 


inside the liquid to the surface to form one new unit 
area of that surface. 
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10. The liquids rise in tubes when adhesion of liquid to walls 
ee cohesion of the liquid. 


11. The ratio of the change in unit pressure to the corre- 
sponding volume change per unit of volume. 


12. A fluid in which the shear stress is proportional to the 
velocity gradient or shearing strain. 


13. A fluid for which the resistance to shearing deforma- 
tion is zero. 


14. Longitudinal stress in thin-walled cylinders closed at 
the ends is equal to ............... the hoop tension. 


15. The line of action of force exerted by a liquid on a plane 
area passes through the 


16. The position of the centre of pressure is always 
the centre of gravity of the area. 


17. The force acting on any weight floating or immersed 
in a liquid, then force being equal to the weight of the 
liquid displaced. 

18. The point through which the buoyant force acts is called 


the centre of buoyancy and it is located at the 
of the displaced liquid. 


19. For stability of a submerged body, the centre of grav- 
ity of body must lie directly ....... the centre of buoy- 
ance of the displaced liquid. 


20. If the ratio of all corresponding dimensions of model 
and prototype are equal. 


21. If the paths of homologous moving particles are geo- 
metrically similar and if the ratios of the velocities of 
homologous particles are equal. 


22. If the ratios of all homolo 
and kinematically simila 
the same. 

23. Inertial pressure force ratio. 

24. Inertia-viscous force ratio. 

25. Inertia-gravity force ratio. 

26. Inertia-elasticity force ratio. 

27. Square root of Cauchy number. 

28. Inertia-surface tension ratio. 


gous forces in geometrically 
r models and prototypes are 


29. An incompressible fluid flow in which the direction and 
magnitude of the velocity at all points are identical. 
30. A fluid flow in which the fluid 


or parallel planes and the s 
identical in each plane. 


31. An ideal flow whic 
(t.e., no shear stre 
32. A flow, in which, 
Sive fluid particle 
time, 
33. A flow in which the ma 
velocity do not change fr 
34. Imaginary curves drawn 
direction of motion in va 
fluid system. 
35. Equation of results from the principle of 
conservation of mass. 
36. Energy at any section, plus energy added, minus the 
energy lost and extracted, is equal to energy at the end. 
37. The hydraulic grade lin 


e lies below the energy line by 
an amount equal to the ........... at that section. 


particles move in planes 
treamline patterns are 


h can be represented by a flow net 
sses and no torques exist). 

at any point, the velocity of succes- 
s is the same at successive periods of 


gnitude and direction of the 
om point to point in the fluid. 
through a fluid to indicate the 
rious sections of the flow of the 


38. 


39. 


40. 


59. 


60. 


61 


62. 


63. 


64. 


65. 


66. 


. The ratio of the cross-sectional area to 
. A flow in which the particles of the fluid mo 
. Velocity distribution at a cross-section of varia 


- In laminar flow the maximum velocity at the ce 


. The ratio of area of jet (pitot tube) at vena-c 


- The product of coefficient of velocity and coeff; 


. Loss of head due to sudden contraction i 


- A sharp edged obstruction 


- The ratio of head lost due to frictio 
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A flow in which the fluid particles move along traigh 
parallel paths in layers. t, 
TPG erai velocity of practical interest is the ve 
below which all turbulence is damped oy 


viscosity of the fluid. 


City 
t bY the 
The upper limit of laminar flow of practical in 


terest ig 
represented by a Reynold number of about 


. . the Wetteg 
perimeter for non-circular cross-sections. 


. F ve in a 
haphazard fashion in all directions. 


tion for 
laminar flow. 


: Ntre of 
pipe is ......... the average velocity. 


Used to measure the velocity head of flowing fluid. 


ontracta 
and the area of orifice. 


cient of 
contraction. 


. The ratio of loss of kinetic energy in the orifice and the 


actual kinetic energy. 


. If V, and V, be velocity at inlet and outlet, then loss of 


head due to sudden enlargement is proportional to 


S proportional 
BO vias 


Coefficient of discharge is unity in case of 
piece. 


- Coefficient of contraction for an internal mouthpiece is 


over which flow of a fluid 
takes place. 


. The sheet of water which flows over the notch or weir. 
- Flow over rectangular notch is proportional to 


- Flow over triangular notch is proportional to 
- A trapezoidal notch havi 


ng Side slopes of one horizon- 
tal to four vertical. 


n and total length of 
pipe. | 
A pipe of uniform diameter which replaces the 
compound pipe consisting of several pipes of different 
diameters and lengths. 


Transmission of power through pipe is maximum when 
loss of head due to friction in pipe is ......... of the total 


head supplied at the entrance to the pipe. 

According to Froude, the frictional resistance in pipe is 
proportional to ........ 
Flow in a pipe will be turbul 
is greater than 
A flow measurin 
essentially linear 


A flow in which 


the velocity, i.e. depth of flow varies 
from one section to another. - 


In case of rectangular open channel, the width of 
channel should be 


kaeusi the depth for maximum discharge. 
For maximum efficiency, the trapezoidal section of ope” 
channel should form a 


ent when Reynold’s number 


g device in which indication is 
with flow rate. 
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67. For maximum discharge 


in circular sh 
depth should be equal to r shape open channel, 


i 68. The depth of flow for the given discharge in a channel, 
EEES times diameter of pipe. 


corresponding to minimum specific energy. 


ee ee ea 





1. fluid mechanics 2. shear 3. relative density 4. viscosity 
5. mass density 6. are not 7. inversely 8. more 
9. surface tension 10. greater than 11. bulk modulus of elasticity 
12. Newtonian fluid 13. ideal fluid 14. half 15. centre of pressure 
16. below Ea 17. buoyant force 18. centre of gravity 19. below 
20. geometric similitude 21. Kinematic similitude 22, dynamic similitude 23. Euler number 
24. Reynolds number 25. Froude number 26. Cauchy number 27. Mach number 
28. Weber number 29. true one dimensional flow 30. two-dimensional flow 
31. irrotational flow 32. steady flow 33. uniform flow 34. streamlines 
35. arrua 36. Bernoulli's theorem 37. velocity head 38. laminar flow 
39. critical . 40. 2000 41. hydraulic radius 42. turbulent flow 
43. parabolic law 44. twice 45. pitot tube 46. coefficient of contraction 
47. coefficient of discharge 48. coefficient of resistance 49. [(V, - V, )?] 
50. (V, )? 51. convergent divergent 52. 0.5 53. notch 
54. nappe or vein 55. (H**) 56. (H*?) 57. Cippoletti notch 
58. hydraulic gradient 59. equivalent pipe 60. one-third 61. (V?) 
62. 4000 63. rotameter 64. non-uniform flow 65. twice 
66. half hexagon 67. 0.95 68. critical depth 
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THERMODYNAMICS 





Thermodynamics. Thermodynamics deals with 
relations between heat, work and other forms of energy. It 
predicts many relationships between properties of matter and 
efficiencies of various processes. 

Macroscopic & Microscopic approach of 
Thermodynamics. While macroscopic is concerned with 
certain quantity of matter and its behaviour, microscopic 
approach deals with molecular and atomic behaviour of 
matter and energy. 

Thermodynamic Systems. System is a definite 
quantity of matter bounded by some closed surface 
(boundary), which is impervious to the flow of matter. 
Thermodynamic system is defined as any prescribed and 
identifiable collection of matter upon which attention is 
focused for investigation. Everything else other than system 
i.e., the space and matter external to a system is known as 
surroundings. In the closed system there is no interchange of 
matter between system and surroundings but energy can 
cross the boundaries and the boundary itself may move or 
change its position. However in the open system interchange 
of both matter and energy takes place. Isolated system is one 
in which neither mass nor energy cross the boundaries and 
it is not influenced by the surroundings. 

Thermodynamic properties. Properties of system 
identify the state of system. Property of the System depends 
solely upon the state of the system and not upon how that 
state has been reached? A quantity will be the property of 
the system if it has exact differential. Extensive properties 
are those whose value, for the entire system, equals the sum 
of their values for the parts of the system, like total volume, 
total energy etc.; and the ratio of extensive property to the 
mass is called the average specific value of that property. 
The properties whose value is not equal to sum of their values 
for parts of system are known as intensive properties, like 
temperature, pressure, density, etc. An intensive property 
of the system does not depend on the mass of the system 
whereas extensive property does. Point function is known as 

property of the system. Path function depends on the process, 

.e., path followed by the process, like work. However work 
done in an adiabatic process between a given pair of end states 
depends only on the end states and not on the particular 
adiabatic process. l 

Any quantity can be called property of the system, if 
the change in the value of that quantity between two 

equilibrium states of the system is same, for all parts e.g. 
internal energy is the property of the system. 





Thermodynamics and Heat Transfe, 





Processes. Whenever a system undergoes any 
change, it is said to have described a process. 

Reversible process is one in which both the system 
and the surroundings are returned to their original states, 
which is not so in the case of irreversible process. In actual 
practice, all processes are irreversible. 

Cyclic process is one in which the end states are 
identical i.e. the system after undergoing a series of processes 
returns to its original condition. 

Quasi-static process is one in which system departs 
from equilibrium state only infinitesimally at every instant. 

Adiabatic process is one in which there is no flow of 
heat between a system and its surroundings. 

Zeroth Law of Thermodynamics states that when 
any two bodies are in thermal equilibrium with third, they 
are also in thermal equilibrium with each other. 

Equation of state of an ideal gas is pV = mRT 

p = pressure in N/m?, V = volume in m8 
T = temperature in °K, m = mass in kg 
R = gas constant in N m/kg °K 


According to Van der Waals, the following empirical 
equation holds for real £ases 


(p+ $)o-8 -RT 


where, a and b are constants for any one gas, but differ for 
different gases and v = mass specific volume. 


Compressibility factor Z = 2° 


First Law of Thermodynamics 
P It concerns principle of conservation of energy: 
ccording to it energy can neither be created nor destroyed. 


It changes from one form to other. The total sum of all energy 
remains constant. 


According to it, 
E,- E 1=JQ-W 

= change in total energy of system 
Q = quantity of heat flowing into the system 
J = 4.186 joules/calorie 
W = work done by the system. | 

Work. According to thermodynamics, work is defined 
as the energy in transition which flows from a system to the 


surroundings during a given process if the sole effect extern4 
to the system can be reduced to the raising of a weight. 


where, E, - E 
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For quasi-static process, work done can be expressed 


as 


V, ; 
w= | pav / 
Vi / 
Work done in a free expansion in zero 


T. 
Heat flow Q= dT 
Tı 


where, c = specific heat capacity for the process and can be 
expressed as function of T. 


Work done in isothermal process = mRT jeg and in 
Vi 
adiabatic expansion = mc, (T, - T,). 

Available energy (Exergy) vs. unavailable 
energy (Anergy). Exergy can be converted into work but 
energy can not be converted to work. 

Carnot Cycle. It comprises four processes as follows 
(Refer Fig. 2.1) : 

(i) Quasi-static isothermal process absorbing heat Q 
from heat reservoir at temperature Tai 

(ti) Quasi-static adiabatic process from T, to T, and 
W, is the work done. 

(tii) Quasi-static isothermal heat rejection Q, to a low 
temperature reservoir at temperature T,. 

(tv) Quasi-static adiabatic process returning the 
process to initial state. 

Actual heat engines are based on this theoretical cycle 
and carry the same sequence of processes. It represents the 
ultimate ideal efficiency of heat engine. Carnot cycle efficiency 
can be increased by increasing T, and lowering T,. 

If W = net work done by system in Carnot cycle, and 
as the system is carried through a cycle, there is no change 
in its internal energy, therefore, Q, — Q, = W. 







Isothermal 
process 


B 





D 





Adiabatic 


— V 


Fig. 2.1. Carnot cycle. 


Work ouput = WwW s Qi — Q 


of heat engine = 
i a Heat input Q, Qı 


Alsó, isothermal work W,, = mRT, log af 
A 


Work done in adiabatic expansion from 
B to C = Wa, = me, (Ti - T,) 





V 
Isothermal work Wop = mRT, log A 
C 


Work done in adiabatic compression from D to A 
(Woa) = mc, (T, - T,) 
W = W,g + Wao + Wop + Wp, and Q, = Wap 


mR (n log Ya + T, log r) 
te Va Vp 
EE A, 
mRT, log A 
As points B and C lie on same adiabatic as the points 
D and A 


I 


4 
j 


N Vg=T Vo and D Va=T™ Vp 
us Vs _ Ve _f-h 

Dividing these, V, = V, and nn T, 

If this cycle is operated in the reverse direction, we 
get Carnot refrigerator, for which coefficient of performance 
= T/T- T,). 

Enthalpy H = U + pV where, U = internal energy 

Specific enthalpy h = u + pv 

Heat — Energy in transition flowing by virtue of 
temperature difference from one system to other when two 
are in contact is called heat. 

Specific Heat — Specific heat is the heat required 
by a unit mass of a substance to raise temperature by one 
degree. 

c, = specific heat capacity at constant pressure 


(z), 


c, = specific heat capacity at constant volume 


“(ir 


For atmospheric air, c, and c, are 0.24 and 0.171 
respectively. 

Further c, —c, = R/J and c/c, = y= 1.4 (also expressed 
as k) 


=e 


Energy Equation for Steady Flow 
According to energy equation for steady flow, 


(Enthalpy, + P.E., + K-E.,) — (Enthalpy, + P.E., + 
K.E.,) — Work + Heat = 0 


Second Law of Thermodynamics 

According to Kelvin-Plank statement — No cyclic 
process is possible whose result is the flow of heat from a 
single heat reservoir and the performance of an equivalent 
amount of work on a work reservoir. 

According to Clausius statement — No cyclic process 
is possible whose result is the flow of heat out of a heat 
reservoir at one temperature and the flow of an equal quantity 
of heat into a second reservoir at a high temperature. 

Second law of thermodynamics is sometimes also 
stated as : A perpetual motion machine of second kind (a 
cyclic device, which would continuously abstract heat from a 
single reservoir and convert it completely to mechanical work) 


is impossible. 
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During every energy conversion process, total 
energy remains conserved (1st law), available energy reduces 
(2nd law), unavailable energy increases, and some part is 
discharged to atmosphere. 


Reversible process. A process is reversible if, at the 
end of the process, the initial states of all systems taking 
part in the process can be restored, by any means whatsoever, 
without any outstanding changes in the states of other 
systems. Otherwise the process is irreversible. 


The two important derivations from second law of 
thermodynamics for heat engines operating between two 
reservoirs at different temperatures are : 


(¿) It is impossible to construct a heat engine, 
operating in cycle between two reservoirs at different 
temperatures, having more efficiency than a reversible engine 
operating between the same two reservoirs. Or, no cycle can 
be more efficient than reversible cycle operating between 
given temperature limits. 


(it) All reversible engines operating between two 
reservoirs at given temperatures have the same efficiency. 


Difference between first & second laws of 
thermodynamics. First law is concerned with quantity and 
sum total of energy but second law accounts for quality, 
availability, reversibility, losses, efficiency etc. It explains 
difference between heat and work, exergy and anergy. 

Clausius Inequality. It provides a relation between 
the temperatures of an arbitrary number of heat reservoirs 
and the quantities of heat given up or absorbed by them 
during a cyclic process (reversible or irreversible) involving 
interchange of heat with the reservoirs. 


According to i. z <0 





If a system is carried around a reversible cycle and 
the heat dQ added to it at every point is divided by its 
temperature at that point, then the sum of all such quotients 
iS Zero, l.e. 

do 
T 
where, J = integration along cyclic path. 

Entropy. Entropy is an index of the unavailability or 
degradation of energy. Heat always flows from hot to cold 
bodies and thus becomes degraded or less available. 

Energy that goes down the sink becomes less available 
for useful work even though most of it may be recovered by 

heat economy devices. This unavailability of energy is 
measured by entropy. We are usually, interested in changes 
in entropy. The change in entropy of a system between any 
two equilibrium states is found by taking the system along 
any reversible path connecting the states, dividing the heat 
added to the system at each point of the path by the 
temperature of the system, and summing the quotients thus 


obtained. 
Entropy is the property of a substance like pressure, 
volume, or internal energy. 
Entropy changes always accompany actual heat 
transfers, but entropy changes also occur without transfer of 


heat. 


| 
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For a reversible transfer of heat, change in entropy 


dQ 
aS = 8-8, = | 7 

For reversible adiabatic process, change of entropy jg 
zero. 

In a reversible process, if the entropy of the system 
increases then the entropy of the surroundings decreases by 
an equal amount. In irreversible process, the entropy is not 
conserved and the net difference of two is more than zero. 
No process between two equilibrium states is possible if jt 
would result in a decrease in the total entropy of a system 
and its surroundings. 


Gas Laws | | 
Perfect gas. A perfect gas is one which strictly obeys 
all the five gas laws given below under all conditions of 
pressure and temperature. _ 
Boyle’s law. PV = constant, if temperature T is 
constant. 
Charles’ law. V ~ T or V/T = constant if P is constant, 
or in other words all perfect gases change in volume by 1/273 
of its original volume at 0°C for every 1°C change in 
temperature, when pressure is kept constant. 
Gay-Lussac law. P œ T , if V is constant. 
Joule’s law. Change of internal energy dU œ dT. 
Avogadro’s law. Molecular weight of all the perfect 
gases occupy the same volume under same pressure and 
temperature, or equal volumes of all gases, at the same 
pressure and temperature, contain equal number of 
molecules. 
The molecular weight expressed in gm (i.e., 1 gm mole) 
of all gases, at NTP, occupies a volume of 22.4 litres. 
General gas equation 
Pı Vi _P2 Vo _ P3 V3 
Ti Ts T, 
Characteristic equation of a gas 
PV =mRT = nMRT 
where, (m = mass of gas) 
n = no. of moles of gas and R is the gas constant 
M = molecular weight, and its value is 29.27 Kgm/ 
kg/°K or 287 J/kg/°K 
Universal gas constant or molar constant. It is the 
product of the gas constant and the molecular weight of the 


gas. Its value for atmospheric air is equal to 848 kgm per kg 
mole per °K or 8314 J/kg mole/°K. 


= ... = Constant 


General Property Relations for Perfect Gases 
2 
AU = f C, dT if C, is a function of T. 
or =C,(T,- TY), if C, = constant 


1 
Tkp P2¥2—PiVy) 


C 
(= S20, -¢,= RU 


v 
(k is also sometimes denoted by y) 
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2 
AH = I C, dT, if C, is function of T 
= CT, =h C, = constant 


k 
= Tk pN — P,V,) 


R Rk 
C -C =— 0 C pf ee 
©» o OJO P TT] 


dT R 
AS = Cop tz 8e Fs C, = AT) 
D R V. 
=C, log -2 + — log, —2 ifC = constant 
; “N al Y= 
dT R p 
= | C, — -=~ log, =i = 
Org Moe, fC, = AD 
TI R 
=C, log, —2 -— log, © ifC = 
p log, TJ Og, ie constant 
V, 


if C, and C, are constant. 


For irreversible polytropic and adiabatic processes 
pV” = constant 











ror log (pə/ pı) 
n = polytropic index = ———=2 
E log (V/V) 
TV"-! = constant 
= constant 
ad 
p n 
2 
AU = | C, dT 
1 
n-1 
R pyi” 
or AU = —— 7 || —+ | 
J(k = 1) . (2) 
AH “C dT 
2 f a 
a 
kR Po \” 
or AH = ———_ T. fa zf 
J (k — 1) i (2) 
— R(T, - T5) 
Work d P a a a Es, MOO 2 =mC (T, -T.) 
eee ea Jad gM eg 
and heat transfer = k-n x work done 
AS = C, Ë log, 22 


Pı 

n > kin a compression process 
where p l P 

n < k in an expansion process 


Graphical Representation of Gas State Changes 
(Refer Figs. 2.2 and 2.3). 
Thermodynamic Non-flow Processes 


Constant volume process. No work is done in this 
Process. Addition of heat increases the temperature and hence 


33 





internal energy. For this process dQ = dW + dU = dU (since 
work done = 0). 


V = Const. 
p<=C N 
(Rev. adiab.) 






pv'2 =C 
pV! 6 =C 


or T = Const. 


| pV = Const. 7” 
p = Const. 


—— V 
Fig. 2.2 


The ratio of increase of internal energy to the corres- 
ponding increase of temperature is called the specific heat 
at constant volume. 

Constant pressure process. Heating cau: `s 
increase in volume and temperature, and external work is 
done. 

dQ =dW+dU =pdV + dU =d(pV + U) = dH 

Hence, addition of heat increases temperature and 
hence enthalpy. The ratio of increase in enthalpy to the 
corresponding increase in temperature is called C,- 

Isothermal process. (Hyperbolic expansion) (T = 
constant). No change in internal energy. 

pV = constant. 


Polytropic expansion 


n=k 


V = Const. 
(Rev. adiab.) N 





Fig. 2.3 


pv” =c, where, n = index of expansion 


Work done = pıV1- = 
n — 





-Yr Ro V 
Change of entropy = yiJ g 
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Adiabatic expansion. No heat exchange takes place, Efficiency of the engines _ 
pu’ =c. (i) Air standard efficiency ye hypothetical 

i ich i ing the efficiencie 
W efficiency, which is used for comparing | S of 
— various cycles. It is defined as the ratio of ideal work done to 
_ PyVy ~ PV _ mR(T, - To) _ mC (T, - T,) heat supplied or is equal to ratio of (heat supplied — heat 
U 


y-1 y-1 rejected) and heat supplied. 
(ii) Thermal efficiency of an engine is the ratio of 
indicated work done to heat supplied. 
(iii) Relative efficiency is the ratio of therma] 
Work done = C, = + C,(V, - V;) efficiency to air standard efficiency. | 
w V (iv) Mechanical efficiency is the ratio of brake or 
Free expansion. Fluid expands suddenly into | actual work done to the indicated work done. 


For miscellaneous process p = a + C3 


La 


vacuum chamber through an orifice of large size (H = c). Work (v) Overall efficiency is the ratio of brake or actua] 
done = Q. 


work done to the heat supplied. This is also called brake 
Throttling. Fluid expands from high pressure to low | thermal efficiency. 


pressure without doing any work. No heat transfer takes Mean effective pressure. It is defined as the ratio 


place. of work done per cycle to the stroke volume. It can be 


Relations for Ideal Gas Processes. It is possible to | determined by dividing the area of pressure volume (p-V) 
tabulate the equations applicable for determination of heat, | diagram by length of the diagram. 
work etc. for simplest processes in cases, where ideal gas is 


the medium and the process is reversible with constant | isentropics (Refer Fig. 2.4). Heat is supplied at constant 


specific heats. (Refer Table 2.1). temperature T, (process 2—3) and rejected at constant 
Ideal Gas Power Cycles. These use perfect gas as a | temperature T, (process 4—1). 
working medium. 


Carnot Cycle. It consists of two isothermals and two 


Table. 2.1. Relations for Ideal Gas Processes 


Process Isothermal P = constant Isentropic 
T = const. S = constant 


p, v, T relations pv? = const. 


























k-1 Ty’) a 
pv = const. p * constant same 
T as isentropic 
= constant 


U 
pu log 
Dv: 


L 








=mRT log, 1E. 
U: 


L 


= C,AT(k - 1) 
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(i and f represent initial and final conditions, AT = | heat is supplied or rejected during adiabatic processes, 3-4 
T,- T; Compression ratio = expansion ratio) and 1-2. 


Q net m Win = (T; i Tp R log, 2 £2 
P3 


Q12 = Q34 = 0, Q33 = Wo, = Pv» log, = 


3 © 
Wi. = C,T; - T), W4 = C,T, -T,) ? 
U, - U, = 0, U, - U, = 0, Qy, = Wa; = p,v, log, P4 ry 
Py 
n- Boh B-T 
To T; 





—> Volume 


Fig. 2.6. Diesel cycle 


Q net = W net = C, E= T, j= CT, ~ T) 
Qo3 = Ce -T, ) 
Qa = CT,- Ty), Qi = M34 = 0 
W33 = Pa(V3 — V2), Wa, = 9, 
MERT - T), Wa, = C,T- T) 
C375 -T,) =G Ti) sJ C,- Ty) 


———> Pressure 





—— Volume i C,(T3 — Tp) CT - T2) 
Fig. 2.4. Carnot cycle 4 Fia mdi 
Otto Cycle. It consists of two insentropics and two YB-D 


constant volume processes (Refer Fig. 2.5). Heat is supplied 
at constant volume process 1-2 and rejected at constant 
volume 3-4. Compression ratio is assumed to be equal to 


, V. 
y = Compression ratio = L 
2 

















expansion ratio = r and, r, = heat additional cut off ratio = V3 
2 
Th = re 13 = V3 =ar 
7 Tı T, V 
7 - T= Ty, = Tyr, 
D and T,= T; ry 
l Y 
| n=1- -Hr 
yr Te — x 
Joule or Brayton Cycle. It consists of two 
E insentropic and two constant pressure processes for heat 
=e supply and heat rejection (Refer Fig. 2.7). It is used for gas 
valine turbines. Reversed Joule cycle is used in air refrigerators. 
Fig. 2.5. Otto cycle 
Qnet = = Wes = C, la T; — dys T, )] = 
Q12 = CT, - Ty), O34 = C,T,- T3), 2 
Qo3 = VN, = 0 à 
Wo = Ws, = QO; War = CAT, = Fii, 
Wo3 = C,(T3 - T3) 
=1 T3- Ty -1 (Tyirt*- Tir) 4 1 
tergen (T, -T)) pei 
Diesel Cycle. It consists of two isentropics, one 
constant volume and one constant pressure process. (Refer —— Volume 


Fig. 2.6). Heat is supplied during constant pressure process 
2-3 and is rejected during constant volume process 4-1. No 


Fig. 2.7. Brayton cycle. 
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a 
4 
‘ 
? 

Lond 
j 

; 

d 

` 

>] 
a 


Qret e Wai E C, (T; E T3) T (T; ~ Tp 
T, -T, 1 
Ts =s To r -4 

Atkinson Cycle. It consists of two adiabatics, a 
constant volume heat addition, and a constant pressure heat 
rejection process. This cycle is used by constant volume type 
gas turbines. 

Stirling Cycle. It consists of two isothermal and two 
constant volume processes. (Refer Fig. 2.8). In order to make 
the cycle reversible, the constant volume processes are 
performed with the help of regenerator. Practical efficiency 


of this cycle depends on the degree of regeneration. It is used 
in hot air engines. 








Pressure 





—— Volume 
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Air standard efficiency 
_ GIT - Te) + Cyl -B-C -y 
= CT} = 12+ CAT -T}) 
C,(T; - T) 

 €(-B) +O, -7)° 


) 


=] 





Pet 


Adiabatic 





——— V 
Fig. 2.9. Dual cycle 


Vapour Cycles 


Rankine Cycle. It is the ideal representation for the 
vapour power cycle. It consists of five processes, two 


isothermals, two isentropics, and one constant pressure. 
(Refer Fig. 2.10). 





Fig. 2.8. Stirling cycle 


The heat rejected in process 4-1 is used to partly 
regenerate gas during the process 2-3. 


Let percentage of regeneration from rejected heat =r. 
Q, = C A(T, -T)) (rejected) 
Qo3 = (1-r) C,(T, - T3) (supplied) 


V 
Qs, = RT, log, = = RT, log, =|} (supplied) 
P4 V2 


Total heat supplied = Q,, + Q,, 
Net work done, 


= Wy, — W,. = RT, log, #2 - RT, log, 22 
P4 


Pı 
= R(T, — T) log, 23. . Ps = 2) 
P4 P4 Pi 
n Z Waai 
Q23 + Q34 


If n of regenerator is assumed to be 100%, then 


_Q&ua-Q2: _ B-D 
Q23 = Qar: Then 1 = On, T ` 
Ericsson Cycle. It consists of two isothermal 
processes, and two reversible constant pressure processes. 
It is a reversible process and its efficiency is equal to that of 
Carnot cycle. It is an ideal cycle for turbines using multi- 
stage compression and multistage expansion. 

Dual cycle. It consists of two constant volume 
processes, two adiabatic processes and one constant pressure 
process. Heat is supplied partly at constant volume process 
2-3 and partly at constant pressure process 3-4 and is rejected 


at constant volume process 5-1. 


Qo4 = H,- H,, Q51 = H, -Hy W45 = H; =i, 
Wy. = H, - H, = V(p, — p) approx. 


Saturated 
liquid 










Saturated 
vapour 


———> Entropy 


Fig. 2.10. Rankine cycle 


7 Was 


Lw, 


Fig. 2.11. Vapour power system 


‘= 


Ss Pp 
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W,. is very small, usually, n = H; — Hy 
4 ~ H, 


Compression Refrigeration Cycle. It consists of 
two constant pressure processes, an isentropic process, and 
an irreversible throttling process. (Refer Fig. 2.12). 


Qi2 = Q34 = 9, Qo3 = H,-H, 


Qu =H, -H,, 
Wog = Wa, = Wag = 0, H,=H, 
Gopi AR 
Win H-H; 


——— Temp. 









levee 
throttling 





——_ Entropy 


Fig. 2.12. Compression refrigeration cycle 





3 
Expansion 
W valve or 
12 
capillary 
4 


tay, 


Fig. 2.13. Compression refrigeration system 


Mixture of Gases and Vapours 

According of Dalton’s law, the total pressure of a 
mixture of ideal as well as real gases is equal to the sum of 
the partial pressures of the constituents. 

Partial pressure of each constituent is defined as the 
pressure it would exert if it alone occupied the volume of the 
mixture at the same temperature as that of the mixture. 

Thus considering Dalton’s law for ideal gases 


vi 
P =P, + Py+ Pg t= 77 (MR, +m + Molt +...) 


or pV=T im; 
where, R = apparent specific gas constant of mixture 

_ mR, + mP; +... _ LMR; _ 2mh; 

7 mı + mz 2m; m 

pV = mRT 

which has same form as equation of state of single ideal gas, 
and further it proves, that a mixture of ideal gases is itself 
an ideal gas. 





Mole fraction x; of a constituent of a mixture 


' in; n 
where, n; = No. of moles of any constituent and n = total 
no. of moles of all constituents. 

Sum of mole fraction of all the constituents equals 
unity, 

wenna 
tä g 

If M, = molecular weight of any constituent, then mass 

m; of that constituent is 
m; =n;M; = nx,M; 
and, total mass m = Em; = n£x;M; 

The apparent molecular weight M of the mixture is 
defined as ratio of total mass to the total number of moles, 

=~ = ix ,M; 
n 

The mole fraction of any constituent of a mixture of 
ideal gases is also equal to ratio of partial pressure of that 
gas to the total pressure of the mixture. 

According to Amagat-Leduc law, the volume of a 
mixture of ideal gases is equal to the sum of partial volumes 
of the constituent gases, when the partial volumes are 
determined at the pressure and temperature of the mixture. 

According to Gibb’s law, total entropy of a mixture of 
ideal gases is equal to the sum of the partial entropies of its 
constituents. 


l.e., ms =M,S,+ M.S, +... = EM;S; 
Similarly, mu =m,u,+m,U,+... = EM jU; 
mh = mh, + Mmh, +... = Emh. 


Fuels. Fuels may be solid, liquid or gaseous type. A 
good fuel should have low ignition temperature, high calorific 
value, easy to store, produce minimum smoke and be 
economical. 

Combustion of Fuel. The fuel is comprised of carbon 
and hydrogen mainly with a small amount of sulphur too. 
The combustion of a fuel is a chemical process in which oxygen 
reacts with the main constituents of fuel producing heat 
transfer from the reacting system. The chemical process can 
be represented by a chemical equation quantitatively and 
qualitatively. The smallest quantity which takes part in a 
chemical reaction is a molecule, hence a quantity of separate 
gas in a chemical equation must be stated as H,, O, and N}. 

Combustion of Carbon. (a) When the combustion 
process is complete i.e., when carbon burns in air having less 
than minimum quantity required for complete combustion, 
then the process is represented by an equation 


2C + O, = 2CO + 2417 kcal/kg of carbon 
Substituting the atomic weight of each substance in 
the equation 


4 7 
2 x 12 + 32 = 2[28] or Lr 


4 7 
1.e., 1 kg of carbon + 3 kg of oxygen = 5 kg of CO. 


(b) When carbon burns in plentiful supply of oxygen, 
the process is represented by a chemical equation. 
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C + O, = CO, + 8100 kcal per kg of carbon 
In other words 1 mole of carbon requires one mole of 


O, to form one mole of CO,. 


11 


— 
— 


12 + 32 = 12 + 32 = 44: 1+7 3 
. 8 at ke of CO 
be: 1 kg of carbon + 3 kg of O, = 3 go 2 
Since, air by weight has 23% oxygen, therefore air 
needed for combustion of 





8 
1 kg C to CO, 1 = 11.54 kg. 
gC to tae 3 g 


Combustion of Hydrogen. When hydrogen 
combines with O, chemically, it forms H,O and is represented 


by an equation as follows : 
2H, + O, = 2H,0 + 34,200 kcal/kg of hydrogen 


9x2+2x16=2x[2+16]=36;1+8=9 

1 kg of H, + 8 kg of O, = 9 kg of H,O. 
Combustion of Sulphur. When sulphur combines 
with oxygen chemically, it forms SO, . 

S + O, = SO, + 2165 kcal per kg. of sulphur 
32+32=64,1+1=2 

1 kg. of S + 1 kg. of O, = 2 kg. of SO, 

All other combustion equations can be treated 


l.e., 


l.e., 


similarly. 

Calorific value of fuel. The combustion of fuel is 
accompanied by a large amount of evolution of heat. The 
number of heat units evolved in kcal by the complete 
combustion of the fuel is called the calorific value of fuel. It 
is measured in two ways. 

Higher calorific value (H.C.V.). The higher or gross 
calorific value of fuel as it is sometimes called is the total 
amount of heat liberated by the unit quantity of fuel i.e., 1 
kg, when the products of combustion are cooled to 15°C. 

Lower calorific value (L.C.V.). The lower calorific 
value of fuel is defined as higher calorific value minus heat 
taken away by water due to combustion and surface moisture. 

The evaporation of water is assumed to take place at 
partial pressure corresponding to 15°C saturation 
temperature of water and therefore supposed to take latent 
heat at this pressure. This latent heat is 588.76 kcal/kg. 

L.C.V. = H.C.V. — Weight of water x Latent heat 





(588.76) 

Calorific value can be determined by bomb calorimeter 
or by Boy’s gas calorimeter. 

Proximate Analysis. Proximate analysis is the 
determination of percentage of moisture, volatile matter, 
fixed carbon and ash in the fuel. Proximate analysis is easy; 
and quick to determine, compared with ultimate analysis 
and is usually done for commercial purposes. 

Ultimate analysis. It is the determination of 
percentage by weight of carbon, hydrogen, oxygen, nitrogen, 
sulphur and ash in the fuel. 

The coal analysis may be given on either ‘dry’ or ‘as- 
fired basis’. 

If given by dry basis, it can be changed to ‘as-fired’ 
basis by multiplying each constituent by the factor 


MECHANICAL ENGINEER, 
% moisture 
ee ee 


1- (Fa } 


To change from wet or as fired basis to dry basis, divide 


each percentage by 
- l 100 

r. Atmospheric air is a volumetric 
composition of 20.99% oxygen, 78.03% nitrogen and 1% argon 
with small quantity of several inert gases such as water 
vapours, carbon dioxide, helium, hydrogen, neon etc. For 
approximate calculations, it is sufficient enough to include 
ert gases as nitrogen and to use the analysis as follows: 


Composition of Ai 


all in 
Oxygen = 21% 

Nitrogen = 71% 

Oxygen = 23% 

Nitrogen = 77% 

The four constituents of air are: 


by volume; 


by weight 


Oxygen 


Nitrogen 
Argon 
Carbon 
dioxide 
The general properties of air (at 300 K, 1 bar) 
are given below : 








M = 28.96 
c, = 1.005 kJ kg 

c, = 0.718 kJ kg"! K~” 
y= 1.40 

R = 0.2871 kJ kg! K? | 
p = 1.183 kg m” | 
u = 1.835 x 10° Ns m? 
v = 1.566 x 10° m? s43 
k = 0.02614 Wm! K 
a = 2203 m? s- | 

P= 0,711 | 


` Mean molecular weight 
Specific heat at constant pressure | 
Specific heat at constant volume 
Ratio of specific heats 
Gas constant 

Density 

. Dynamic viscosity 
Kinematic viscosity 

. Thermal conductivity 

| Thermal diffusivity 
Prandtl number 





Conversion of Volumetric Analysis to Weight 
Analysis. If the volume analysis of any gas is known, it can 
be converted to weight analysis by multiplying the volume 
of each constituent by its molecular weight. This will give 
the proportional weight of the constituents, then adding up 
these weights and dividing each by the total weight, the 
analysis by weight is obtained. 

Conversion of Gravimetric Analysis to 
Volumetric Analysis. The gravimetric analysis of any fuel 
can be converted to volume analysis by dividing the weight 
of each constituent by molecular weight. This will give the 
proportional volumes of the constituents and then by adding 
these volumes and dividing each by the total, the per cent 
analysis by volume is obtained. 
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The degree of efficiency of fuel combustion is 
determined by calculations involving flue gas analysis 
obtained by Orsat apparatus. l 

Minimum air required for complete combustion 
of a fuel. The minimum weight of air required for a solid 


and liquid fuel can be found from the gravimetric analysis of 


the fuel. For a gaseous fuel, the minimum volume of air 
required is generally obtained from the volumetric analysis 
of the gas. 

Minimum air required per kg of solid or liquid fuel 


100 [8 O 
_ 100/86, gy, -22 
aE +8(Hs 2)+s| 


burnt 


(P = pressure, V = Volume, T = Temperature, m = mass, 
R = gas constant, J = Joule’s coefficient, C, = specific heat at 


constant pressure, C, = specific heat at constant volume, C and 
n = constant) 

Excess air requirement, In actual practice, for 
complete combustion, an excess quantity of air is required in 
order to permit intimate mixing of the fuel with oxygen. 

Weight of dry flue gases per kg of fuel. Carbon 
may be present in the flue gas in the constituents CO and 
CO,, and the weight of carbon per ky of flue gas can be found 
by conversion of volumetric analysis of CO and CO, to 
gravimetric analysis by multiplying by the molecular weight 
of the constituents. 

Wcight of dry flue gas per kg of fuel is given by the 
relation 

C111 CO, +80, + 7(CO + Ny)I 
(CO, + CO) 





MULTIPLE CHOICE QUESTIONS 


1. Which of the following variables controls the physi- 
cal properties of a perfect gas ? 
(a) pressure (6) temperature 
(c) volume (d) all of the above 
(e) atomic mass. 
2. Which of the following laws is applicable for the 
behaviour of a perfect gas ? 
(a) Boyle’s law (b) Charles’ law 
(c) Gay-Lussac law (d) all of the above 
(e) Joule’s law. 
3. The unit of temperature in S.I. units is 


(a) Centigrade (b) Celsius 
(c) Fahrenheit (d) Kelvin 
(e) Rankine. 
4. The unit of mass in S.I. units is 
(a) kilogram (b) gram 
(c) tonne (d) quintal 
(e) newton. 
5. The unit of time in S.I. units is 
(a) second (b) minute 
(c) hour (d) day 
(e) year. 
6. The unit of length in S.I. units is 
(a) metre (b) centimetre 
(c) kilometre (d) millimetre. 
7. The unit of energy in S.I. units is 
(a) watt (b) joule 
(c) joule/s (d) joule/m 


(e) joule m. 
8. According to Charles’ law for a perfect gas 
(a) a = =, if V is kept constant 


1 

(b) 2 r, if P is kept constant 
1 1 

(c) both (a) and (b) above 


(d) 2- Ti. if T is kept constant 
P V 


p] 
(e) e = constant. 


9. According to Gay-Lussac law for a perfect gas, the 
absolute pressure of given mass varies directly as 
(a) temperature (b) absolute 
(c) absolute temperature, if volume is kept constant 
(d) volume, if temperature is kept constant 
(e) remains constant, if volume and temperature 
are kept constant. 

10. An ideal gas as compared to a real gas at very high 
pressure occupies 
(a) more volume 
(c) same volume 
(d) unpredictable behaviour 
(e) no such correlation. 

11. General gas equation is 
(a) PV = nRT 


(b) less volume 


(b) PV = mRT 


(c) PV = =nRT (d) PV" =C 


(e)C, - C, = RIJ. 
12. Gas laws are applicable to 
(a) gases as well as vapours 
(b) gases alone and not to vapours 
(c) gases and steam 
(d) gases and vapours under certain conditions 
(e) steam and vapours. 
13. According to Dalton’s law, the total pressure of the 
mixture of gases is equal to 
(a) greater of the partial pressures of all 
(b) average of the partial pressures of all 
(c) sum of the partial pressures of all 
(d) sum of the partial pressures of all divided by 
average molecular weight | 
(e) atmospheric pressure. 
Which of the following can be regarded as gas so that 
gas laws could be applicable, within the commonly 
encountered temperature limits ? 
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(a) O., No, steam, CO, 
(b) O,, N,, water vapour 
(c) SO,, NH,, CO,, moisture 
(d) O,, N,, H,, air 
(e) steam vapours, H,, CO,. 
15. The unit of pressure in S.I. units is 


(a) kg/cm? (b) mm of water column 
(c) pascal (d) dynes per square cm 
(e) bars 

16. In a polytropic process, the perfect gas equation 
PV, _ V2 


, can be used only to determine 
Ti To 


(a) one property at one of the states, provided all 
other properties are known 
(b) to relate the end states of a process 
(c) the intermediate properties during the process 
(d) the nature of gas 
(e) the gas constant. 
17. A closed system is one in which 
(a) mass does not cross boundaries of the system, 
though energy may do so 
(b) mass crosses the boundary but not the energy 
(c) neither mass nor energy crosses the boundaries 
of the system 
(d) both energy and mass cross the boundaries of 
the system 
(e) thermodynamic reactions take place. 
18. Temperature of a gas is produced due to 
(a) its heating value 
(b) kinetic energy of molecules 
(c) repulsion of molecules 
(d) attraction of molecules 
(e) surface tension of molecules. 
19. According to kinetic theory of gases, the absolute zero 
temperature is attained when 
(a) volume of the gas is zero 
(b) pressure of the gas is zero 
(c) kinetic energy of the molecules is zero 
(d) specific heat of gas is zero 
(e) mass is zero. 
20. Kinetic theory of gases assumes that the collisions 
between the molecules are 
(a) perfectly elastic (b) perfectly inelastic 
(c) partly elastic (d) partly inelastic 
(e) partly elastic and partly inelastic. 
21. The pressure of a gas in terms of its mean kinetic 
energy per unit volume E is equal to 


(a) E/3 (b) E/2 
(c) 3E/4 (d) 2E/3 
(e) 5E/4. 


22. Kinetic energy of the molecules in terms of absolute 
temperature (T) is proportional to 


(a) T (b) = 
(c) T2 (d) VT 
(e) NT. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


MECHANICAL ENGINEERING 


Superheated vapour behaves 

(a) exactly as gas (b) as steam 

(c) as ordinary vapour 

(d) approximately as a gas 

(e) as average of gas and vapour. 
According to Boyle’s law for a perfect gas 


(a) H = 2, if V is kept constant 


Ti 1 
(b) R = uy if P is kept constant 
(c) both (a) and (b) above 

B oOo Vi ams 

— = — if T is kept constant 
(d) B Vp” is kep 


(e) PV = constant. 
T 


Absolute zero pressure will occur 

(a) at sea level 

(b) at the centre of the earth 

(c)when molecular momentum of the system 
becomes zero 

(d) under vacuum conditions 

(e) at a temperature of — 273°K 

No liquid can exist as liquid at 

(a) — 273°K (6) vacuum 

(c) zero pressure (d) centre of earth 

(e) in space. 

The unit of power in S.I. units is 


(a) Newton (b) Pascal 
(c) Erg (d) Watt 
(e) Joule. 


The condition of perfect vacuum, i.e., absolute zer 

pressure can be attained at 

(a) a temperature of — 273.16°C 

(6) a temperature of 0°C 

(c) a temperature of 273°K 

(d) a negative pressure and 0°C temperature 

(e) can’t be attained. 

Intensive property of a system is one whose value 

(a) depends on the mass of the system, like volume 

(b) does not depend on the mass of the system, like 
temperature, pressure, etc. 

(c) is not dependent on the path followed but on the 
state 

(d) is dependent on the path followed and not on th? 
state 

(e) remains constant. 


Specific heat of air at constant pressure is equal to 


(a) 0.17 (b) 0.21 
(c) 0.24 (d) 1.0 
(e) 1.41. 


Characteristic gas constant of a gas is equal to 
(a) CJC, (b) CJC, 

(e) C.-C, (d)C,+C, 

(e) C, x C, 

The behaviour of gases can be fully determined by 


(a) llaw (b) 2 laws 
(c) 3 laws (d) 4 laws 
(e) 5 laws. 


THER! 


34 


36 


3E 


4( 
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33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


The equation [p + Sw —b)=R is known as 


(a) real gas equation 

(b) Maxwell’s equation 

(c) Van der Waal’s equation 

(d) Avogadro’s equation 

(e) Kinetic theory of gases equation. 


The ratio of two specific heats of air is equal to 
(a) 0.17 (b) 0.24 

(c) 0.1 (d) 1.41 

(e) 2.71. 


Boyle’s law i.e., pV = constant is applicable to gases 

under 

(a) all ranges of pressures 

(b) only small range of pressures 

(c) high range of pressures 

(d) steady change of pressures 

(e) atmospheric conditions. 

Which law states that the internal energy of a gas is 

a function of temperature ? 

(a) Charles’ law (b) Joule’s law 

(c) Regnault’s law (d) Boyle’s law 

(e) there is no such law. 

The same volume of all gases would represent their 

(a) densities (6) specific weights 

(c) molecular weights 

(d) gas characteristic constants 

(e) specific gravities. 

Which law states that the specific heat of a gas 

remains constant at all temperatures and pressures ? 

(a) Charles’ law (b) Joule’s law 

(c) Regnault’s law (d) Boyle’s law 

(e) there is no such law. 

An open system is one in which 

(a) mass does not cross boundaries of the system, 
though energy may do so 

(b) neither mass nor energy crosses the boundaries 
of the system 

(c) both energy and mass cross the boundaries of 
the system 

(d) mass crosses the boundary but not the energy 

(e) thermodynamic reactions do not occur. 

According to which law, all perfect gases change in 

volume by 1/273th of their original volume at 0°C 

for every 1°C change in temperature when pressure 

remains constant 


(a) Joule’s law (b) Boyle’s law 

(c) Regnault’s law (d) Gay-Lussac law 
(e) Charles’ law. 

Gases have 


(a) only one value of specific heat 

(b) two values of specific heat 

(c) three values of specific heat 

(d) no value of specific heat 

(e) under some conditions one value and sometimes 
two values of specific heat. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 





According to Avogadro’s hypothesis 

(a) the molecular weights of all the perfect gases 
occupy the same volume under same conditions 
of pressure and temperature 

(b) the sum of partial pressure of mixture of two 
gases is sum of the two 

(c) product of the gas constant and the molecular 
weight of an ideal gas is constant 

(d) gases have two values of specific heat 

(e) all systems can be regarded as closed systems. 

Extensive property of a system is one whose value 

(a) depends on the mass of the system, like volume 

(b) does not depend on the mass of the system, like 
temperature, pressure, etc. 

(c) is not dependent on the path followed but on the 
state 

(d) is dependent on the path followed and not on the 
state 

(e) is always constant. 

Work done in a free expansion process 1s 

(a) + ve (6) —ve 

(c) zero (d) maximum 

(e) minimum. 

The statement that molecular weights of all gases 

occupy the same volume is known as 

(a) Avogadro’s hypothesis 

(b) Dalton’s law 

(c) Gas law 

(d) law of thermodynamics 

(e) Joule’s law. 

To convert volumetric analysis to gravimetric analy- 

sis, the relative volume of each constituent of the 

flue gases is 

(a) divided by its molecular weight 

(b) multiplied by its molecular weight 

(c) multiplied by its density 

(d) multiplied by its specific weight 

(e) divided by its specific weight. 

If a gas is heated against a pressure, keeping the 

volume constant, then work done will be equal to 

(a) +Vv (b) — ve 

(c) zero (d) pressure x volume 

(e) any where between zero and infinity. 

An isolated system is one in which 

(a) mass does not cross boundaries of the system, 
though energy may do so 

(b) neither mass nor energy crosses the boundaries 
of the system 

(c) both energy and mass cross the boundaries of 
the system 

(d) mass crosses the boundary but not the energy 

(e) thermodynamic reactions do not occur. 

Properties of substances like pressure, temperature 

and density, in thermodynamic coordinates are 

(a) path functions (b) point functions 

(c) cyclic functions (d) real functions 

(e) thermodynamic functions. 
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50. Which of the following quantities is not the property 
of the system ? 
(a) pressure (b) temperature 
(c) specific volume (d) heat 
(e) density. 
51. 


52. Mixture of ice and water form a 


58. Heat and work are 


59. Which of the following parameters is constant for a 


60. Which of the following quantities do not represent 


53. Which of the following is the property of a system 


According to Avogadro’s law, for a given pressure 

and temperature, each molecule of a gas 

(a) occupies volume proportional to its molecular 
weight 


(b) occupies volume proportional to its specific 
weight 


(c) occupies volume inversely proportional to its 
molecular weight 


(d) occupies volume inversely proportional to its 
specific weight 
(e) occupies same volume. 


(a) closed system (b) open system 


(c) isolated system (d) heterogeneous system 
(e) thermodynamic system. 


(a) pressure and temperature ? 


(b) internal energy (c) volume and density 


(d) enthalpy and entropy (e) all of the above. 
54. On weight basis, air contains following parts of 


oxygen 
(a) 21 (b) 23 
(c) 25 (d) 73 
(e) 79. 


55. Which of the following is not the intensive property ? 
(a) pressure 


(c) density 
(e) specific volume. 


(b) temperature 
(d) heat 


56. Which of the following items is not a path function ? 
(a) heat = (b) work 
(c) kinetic energy (d) J vdp 
(e) thermal conductivity. 

57. Work done in an adiabatic process between a given 
pair of end states depends on 
(a) the end states only 
(b) particular adiabatic process 
(c) the value of index n 
(d) the value of heat transferred 
(e) mass of the system. 


(a) point functions 
(c) path functions 
(e) extensive properties. 


(6) system properties 
(d) intensive properties 


mole for most of the gases at a given temperature 
and pressure ? 


(a) enthalpy 
(c) mass 
(e) specific volume. 


(6) volume 
(d) entropy 


the property of the system ? 
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61. by 
_ the equation 
, @)PV* =C 


| P n 
(c)|—]| =C 
| pe) (= 


62. 


63. 


64, 


65. 


66. 


67. 


68. 


69. 


MECHANICAL ENGINEERINg 


(b) | udp 
(d) cyclic J vdp 


(a) Í pdv 
(c) cyclic J pdu 
(e) none of the above. 


A reversible polytropic process can be described 
(0) (PV =C 


(d) PV” =C 
(e) P"V =C. 


Which is true for reversible polytropic process ? 
(a) temperature remains constant 

(b) entropy remains constant 

(c) internal energy remains constant 

(d) enthalpy remains constant 

(e) some heat transfer takes place. 


Specific heat of air at constant volume C, is equal to 
(a) 0.17 (b) 0.21 

(c) 0.24 (d) 1.0 

(e) 1.41. 


The relationship between two specific heats C, and 
Cis given as follows 
(a) C pley =y 


(b) C,- C, = RI 
C,-C 
J 


(c) ~ =R 





(d) C,- C, = RIJ 
(e) C, + C, = RIJ. 


The value of C, for oxygen is 5 cal/mole°K and the 
ratio of specific heats is 1.4. The difference between 
C, and C, is 

(a) 1.4 
(c) 2.4 
(e) 3.4. 


(b) 2 
(d) 3.2 


The value of polytropic exponent n in the reversible 
polytropic process usually varies between 
(a) 0.1 to 1 (6) 1 to 1.2 


(c) 1.2 to 1.4 (d) 1.5 to 2.0 
(e) none of the above. 


If the value of n is high in the polytropic process, 


then the compressor work between given pressult 
limits will be 


(a) less 
(c) no effect 
(e) infinite. 


(b) more 
(d) zero 


The value ofn = 1 in the polytropic process indicate! 
it to be 


(a) reversible process (b) isothermal process 


(c) adiabatic process (d) irreversible process 
(e) free expansion process. 


The adiabatic equation of a perfect gas is 
(e pV = constant (b) pV” = constant 


n—i 


(d)pV ” 





(c) pV” = constant 
1 


(e) pV* = constant. 


= constant 


_ 
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71. 


72. 


73. 


T4. 


75. 


76. 


77. 
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70. 


Solids and liquids have 

(a) one value of specific heat 

(b) two values of specific heat 

(c) three values of specific heat 

(d) no value of specific heat 

(e) one value under some conditions and two values 
under other conditions. 

A perfect gas at 27°C is heated at constant pressure 

till its volume is double. The final temperature is 


(a) 54°C (b) 327°C 
(c) 108°C (d) 654°C 
(e) 600°C 


Curve A in Fig. below compared to curves B and C 
shows the following type of expansion 


(a) pV“ =C (b) isothermal 
(c) adiabatic (d) free expansion 
(e) throttling. 


Pressure o —> 





Expansion ——> V 


Curve B in Fig. above compared to curves A and C 
shows the following type of expansion 


(a) pV? =C (b) isothermal 
(c) adiabatic (d) free expansion 
(e) throttling. 


Curve C in Fig. above compared to curves A and B 

shows the following type of expansion 

(a) pV" =C (b) isothermal 

(c) adiabatic (d) free expansion 

(e) throttling. 

If value of n is infinitely large in a polytropic process 

pV" =C, then the process is known as constant 

(a) volume (6) pressure 

(c) temperature (d) enthalpy 

(e) entropy. 

The index of compression n tends to reach ratio of 

specific heats y when | 

(a) flow is uniform and steady 

(b) process is isentropic 

(c) process is isothermal 

(d) process is isentropic and specific heat does not 
change with temperature 

(e) process is isentropic and specific heat changes 
with temperature. 

Change in enthalpy of a system is the heat supplied 

at 

(a) constant pressure 

(c) constant volume 

(e) N.T.P. condition. 


(b) constant temperature 
(d) constant entropy 


78. 


79 


80. 


81. 


82. 


83. 


85. 


86. 


87.. 





The term N.T.P. stands for 

(a) nominal temperature and pressure 

(b) natural temperature and pressure 

(c) normal temperature and pressure 

(d) normal thermodynamic practice 

(e) normal thermodynamic pressure. 

A heat exchange process in which the product of pres- 

sure and volume remains constant is known as 

(a) heat exchange process 

(b) throttling process (c) isentropic process 

(d) adiabatic process (e) hyperbolic process. 

The internal energy of a system is a function of only 

(a) pressure 

(b) temperature (absolute) 

(c) volume 

(d) pressure and temperature 

(e) pressure, temperature and volume. 

In an isothermal process, the internal energy of gas 

molecules 

(a) increases 

(c) remains constant 

(d)may increase/decrease 
properties of gas 

(e) shows unpredictable behaviour. 


(b) decreases 


depending on the 


Zeroth law of thermodynamics 

(a) deals with conversion of mass and energy ` 

(b) deals with reversibility and irreversibility of 
process 

(c) states that if two systems are both in 
equilibrium with a third system, they are in 
thermal equilibrium with each other 

(d) deals with heat engines 

(e) does not exist. 

If a certain amount of dry ice is mixed with same 

amount of water at 80°C, the final temperature of 

mixture will be 


(a) 80°C (b) 0°C 
(c) 40°C (d) 20°C 
(e) 60°C. 


. The basis for measuring thermodynamic property of 


temperature is given by 

(a) zeroth law of thermodynamics 
(b) first law of thermodynamics 
(c) second law of thermodynamics 
(d) third law of thermodynamics 
(e) Avogadro’s hypothesis. 

One watt is equal to 


(a) 1 Nm/s (b) 1 N/mt 
(c) 1 Nm/hr (d) 1 kNm/hr 
(e) 1 kNm/mt. 


Work done is zero for the following process 

(a) constant volume (b) free expansion 

(c) throttling (d) all of the above 

(e) none of the above. 

For which of the following substances, the gas laws 
can be used with minimum error 
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MECHANICAL ENGINEER. | 
i 97. For which of the following substances, the inte ; 
(a) dry steam (b) wet steam Ta] 
(c) saturated steam (d) superheated steam A a enthalpy are the functions of temperą. 
“ i ure only 
a) S mos ressure. 
(e) steam iaa P s ahany ani (b) saturated steam 
88. One rl Ma cee te (b) 4.27 (c) water (d) perfect gas 
pene d) 407 (e) superheated steam. 
` y 98. In a free expansion process ? 
e álu, . t ° 
89. The expression Í pdV can be used for obtaining work (a) work done is zero (b) heat transfer is zero 
of 


(c) both (a) and (6) above 
(d) work done is zero but heat increases 
(e) work done is zero but heat decreases. 


(a) non-flow reversible process 
(b) steady flow reversible process 
(c) adiabatic irreversible process 





99. Ifa gas vapour is allowed to expand through a very 
(d) throttling process minute aperture, then such a process is known as 
(e) all of the above. (a) free expansion (b) hyperbolic expansion 
90. In a non-flow reversible process for which p=(-3V (c) adiabatic expansion (d) parabolic expansion 
+ 15) x 10° N/m?, V changes from 1 mê to 2 m3. The (e) throttling. 
work done will be about 


100. The specific heat of air increases with increase in 


(a) 100 x 100° joules (b) 1 x 10° joules (a) temperature 


(c) 10 x 10° joules (d) 10 x 10° kilo joules 
(e) 10 x 10* kilo joules. 


91. The value of the product of molecular weight and 
the gas characteristic constant for all the gases in 


(b) pressure 
(c) both pressure and temperature 
(d) variation of its constituents 

(e) air flow 





101. Ifa fluid expands suddenly into vacuum through an 

M.KS. unit is : orifice of large dimension, then such a process is 
(a) 29.27 kgm/mol°K (b) 8314 kg m/mol°K called 

(c) 848 kg m/mol°K (d) 427 kgm/mol°K (a) free expansion (b) hyperbolic expansion 
(e) 735 kgm/mol°K. (c) adiabatic expansion (d) parabolic expansion 

92. On volume basis, air contains following parts of (e) throttling. 

oxygen 102. Which of the following property remains constant 
(a) 21 (b) 23 during throttling process ? 

(c) 25 (d) 77 

(e) 79. 


(a) internal energy 
(c) entropy 
(e) volume. 

103. Which of the following 
cally reversible ? 
(a) throttling 


(6) pressure 
(d) enthalpy 

93. Universal gas constant is defined as equal to product 
of the molecular weight of the gas and 

(a) specific heat at constant pressure 

(b) specific heat at constant volume 

(c) ratio of two specific heats 

(d) gas constant 


(e) unity. 


processes are thermodynami- 


(6) free expansion 
(c) constant volume and constant pressure 
(d) hyperbolic and pV" = C 


(e) isothermal and adiabatic. 
94. The value of the product of molecular weight and 


the gas characteristic constant for all the gases in 


104, Which of the following processes is irreversible 
S.I. units is 


process ? 
(a) isothermal (b) adiabatic 
(a) 29.27 J/kmol °K (b) 83.14 J/kmol °K (c) throttling (d) all of the above 
(c) 848 J/kmol °K (d) 427 J/kmol °K (e) none of the above. 
(e) 735 J/kmol °K. 


95. The molecular weight expressed in gm (i.e., 


105. In order that a cycle be reversibl 
1 gm 
mole) of all gases at N.T.P. occupies a volume of 


e, following must be 
satisfied 


i (a) free expansion or friction resisted expansion/ 
(a) 22.4 litres (b) 29.27 litres compression process should not be encountered 
(c) 427 litres (d) 8.48 litres 

(e) 1 litre. 


(b) when heat is being absorbed, temperature of hot 
source and working substance should be same 
(c) when heat is being rejected, temperature of cold 
ource and working substance should be same 
(d) all of the above (e) none of the above. 
106. For a thermodynamic process to be reversible, the 


temperature difference between hot body and work- 
ing substance should be 


(a) zero 


96. Strictly speaking all engineering processes are 
(a) quasi-static 


(b) thermodynamically in equilibrium 
(c) reversible 
(d) irreversible 


(e) based on first and second laws of thermo- 
dynamics. 


(6) minimum 


’ 
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107. 


108. 


109. 


110. 


111. 


112. 


113. 


114, 


(c) maximum (d) infinity 
(e) there is no such criterion. 


Minimum work in compressor is possible when the 
value of adiabatic index n is equal to 


(a) 0.75 (6) 1 
(c) 1.27 (d) 1.35 
(e) 2. 


2 kg of substance receives 500 kJ and undergoes a 
temperature change from 100°C to 200°C. The aver- 
age specific heat of substance during the process will 
be 


kJ 





(a) 5 kg oK (6) 2.5 ke °K 
kJ kJ 
(c) 10 kg oK (d) 25 kg °K 


EJ 
(e) 15 kg oK . 
The specific work input during a compression cycle 


from p; to Po, if compression is isothermal, is given 
by 


P2 U — Pv 








n-i 
n-i 
n n Paps 
_ d) ——|| = m | 
- nai P22 Py a1 (2) 
Pı 
l ee 
(e) pv 8 ep, 


Air is to be compressed from atmospheric condition 
to 7 ata pressure. In which case the heat transferred 
will be minimum 
(a) isothermal 
(c) polytropic 

(e) put-35 =C 

1 mê of air at a pressure of 10 kg/cm? is allowed to 
expand freely to a volume of 10 m*. The work done 
will be 

(a) zero 

(c) + ve 

(e) 9 x 104 kg m. 
Molecular volume of any perfect gas at 600 x 10° N/m? 
and 27°C will be 
(a) 4.17 m?/kg mol 
(c) 0.15 m?/kg mol 
(e) 417 m°/kg mol. 
A gas is compressed in a cylinder by a movable pis- 
ton to a volume one-half its original volume. During 
the process 300 kJ heat left the gas and internal 


energy remained same. The work done on gas in Nm 
will be 


(b) adiabatic 
(d) isochoric 


(b) —ve 
(d) 10° kg m 


(b) 400 m3/kg mol 
(d) 41.7 m°/kg mol 


(a) 300 Nm (b) 300,000 Nm 
(c) 30 Nm (d) 3000 Nm 
(e) 30,000 Nm. 


The law pv’ is not applicable for 
(a) adiabatic expansion of steam in turbine 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 


123. 


65 





(b) adiabatic expansion of steam in reciprocating 
steam engine 

(c) ideal compression of air 

(d) adiabatic compression of air 

(e) free expansion of an ideal gas. 

The more effective way of increasing efficiency of 

Carnot engine is to 

(a) increase higher temperature 

(b) decrease higher temperature 

(c) increase lower temperature 

(d) decrease lower temperature 

(e) keep lower temperature constant. 

Entropy change depends on 

(a) heat transfer (b) mass transfer 

(c) change of temperature 

(d) thermodynamic state 

(e) change of pressure and volume. 

For reversible adiabatic process, change in entropy 

is 

(a) maximum 

(c) zero 

(e) negative. 


(6) minimum 
(d) unpredictable 


Isochoric process is one in which 

(a) free expansion takes place 

(b) very little mechanical work is done by the 
system 

(c) no mechanical work is done by the system 

(d) all parameters remain constant 

(e) mass and energy transfer do not take place. 


Polytropic index n is given by 
log (pə/ pı) log (pı/ pə) 
ETETEN A ET T 
log (v;/v9) log (v;/v2) 
log (v,/v2) log (v9/v;) 
log (po/pj) log (po/p;) 
(e) log (22) 
P202 


When a gas flows through a very long pipe of uni- 
form cross section, the flow is approximately 

(a) isentropic (b) isobaric 

(c) isothermal (d) adiabatic 

(e) isochoric. 

The work done in the expansion of a gas from vol- 
ume V, to V, under constant pressure p is equal to 
(a) zero (b) p(V, - V,) 

(e) p(V, + V,) (d) pV,- V) 

(e) p(V, — V,)/2. 

An expansion process as per law pV = constant is 
known as 

(a) parabolic expansion (b) hyperbolic expansion 
(c) isentropic expansion (d) adiabatic expansion 
(e) free expansion. 

Under ideal conditions, isothermal, isobaric, isochoric 
and adiabatic processes are 

(a) static processes (b) dynamic processes 

(c) quasi-static processes 
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(d) It is the function of specific heat at constan 
volume. 
(e) It is the extensive property of the system. 


132. If‘H’ be the heat supplied to a system to do work ‘yp 


(d) stable processes 
(e) thermodynamic processes. 
124. Reversible adiabatic process may be expressed as 





T/T, equal to | 
(a) (V,-V,)""* (b) (p/P) with change in internal energy of AU, then 
(c) VAV (d) (P/P)? (a) H =AU+W (b) AU=H+W 
(e) (a) and (b) above (c) W=H +AU (d) H = W/AU 
125. Which ofthe following parameters remains constant (e) H = AUIW. 
during ideal throttling prouss* i 133. Heat energy stored in the gas and used for raising 
appears (or temperane temperature of a gas is known as 
(c) volume (d) entropy (a) thermal energy (b) internal energy 
(yenti, (c) molecular energy (d) enthalpy 


126. Curve A in Fig. below compared to curves B and C 


shows the following type of compression (e) none of the above. 


134. According to first law of thermodynamics 
(a) work done by a system 1S equal to heat 
transferred by the system ~ 
(b) total internal energy of a system during a 
process remains constant 
(c) internal energy, enthalpy and entropy during a 
process remain constant 
(d) total energy of a system remains constant 
(e) entropy of a system remains constant. 
135. Energy can neither be created nor destroyed but can 
be converted from one form to other is inferred from 
(a) zeroth low of thermodynamic 
(b) first law of thermodynamics 
(c) second law to thermodynamics 
(d) basic law of thermodynamics 
(e) claussius statement. 
136. First law of thermodynamics furnishes the relation- 
ship between 
(a) heat and work 
(b) heat, work and properties of the system 





Constant 
V2! pressure 






Compression V > 


(a) isentropic (b) pV"=C 
(c) adiabatic (d) isothermal 
(e) none of the above. 
127. Curve B in Fig. above compared to curves A and C 
shows following type of compression 
(a) isentropic (b) pV? =C 
(c) adiabatic (d) isothermal 
(e) none of the above. 
128. Curve C in Fig. above compared to curves A and B 
shows following types of compression 
(a) isentropic (b) pV7=C 
(c) adiabatic (d) isothermal 
(e) none of the above. 
129. When a liquid boils at constant pressure, the follow- 
ing parameter increases 





(c) various properties of the system 
(d) various thermodynamic processes 
(e) heat and internal energy. 
137. Change in enthalpy in a closed system is equal to 
heat transferred if the reversible process takes place 


(a) temperature (b) heat of vaporisation 

(c) kinetic energy (d) entropy at constant 

(e) free energy. (a) pressure (b) temperature 
(c) volume (d) internal energy 


130. Maximum work by an expansion of a gas ina closed 


system is possible when process takes place at con- (e) entropy. 


stant 138. In an isothermal process, the internal energy 
(a) pressure (b) temperature (a) increases (b) decreases 

(c) volume (d) enthalpy (c) remains constant 

(e) entropy. (d) first increases and then decreases 


- 131. Which is false statement about enthalpy ? 
(a) Enthalpy is the sum of internal energy and the 
pressure volume product. 
(b) It is the same as heat transfer during constant 
pressure process. 
(c) It is the function of specific heat at constant 
pressure. 


(e) first decreases and then increases. 

139. Change in internal energy in a closed system is 
to heat transferred if the reversible process take 
place at constant 
(a) pressure (b) temperature 
(c) volume (d) internal energy 
(e) entropy. 


equal 


j 
a4 
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143. 


144. 


145. 


146. 


147, 


148. 


The first law of thermodynamics was developed by 

(a) Charles (b) Carnot 

(c) Eienstin (d) Kelvin 

(e) Joule. 

According to first law of thermodynamics 

(a) mass and energy are mutually convertible 

(b) Carnot engine is most efficient 

(c) heat and work are mutually convertible 

(d) mass and light are mutually convertible 

(e) heat flows from hot substance to cold substance. 

Total heat of a substance is also known as 

(a) internal energy (b) entropy 

(c) thermal capacity (d) enthalpy 

(e) thermal conductance. 

First law of thermodynamics 

(a) enables to determine change in internal energy 
to the system 

(b) does not help to predict whether the system will 
or not undergo a change 

(c) does not enable to determine change in entropy 

(d) provides relationship between heat, work and 
internal energy 

(e) all of the above. 

Addition of heat at constant pressure to a gas results 

in 

(a) raising its temperature 

(b) raising its pressure 

(c) raising its volume 

(d) raising its temperature and doing external work 

(e) doing external work. 

Work done in reversible adiabatic process is given 

by 





Və — pV, V> — pı V; 
(a) Ove — Pitt (b) Pata rri 
l-n y-1 
= -1 
(c) Pave = Pia (a) YY Vv, -p V) 
1-y J 


J 
(e) yo ei" — PVs). 


The temperature in a process in which work is done 
by expanding a gas under adiabatic condition will 
(a) increase (b) decrease 

(c) remain unchanged | 

(d) decrease/increase depending on properties of gas 
(e) first increase and then decrease. 

The work given out during expansion process in a 
closed system will increase when the value of n (the 
index of compression) 
(a) increases 

(c) remains same 

(d) first increases and then decreases 

(e) first decreases and then increases. 

The work required for compression in a closed sys- 
tem increases when the value of n (the index of com- 
pression) 


(6) decreases 


149. 


150. 


151. 


152. 


153. 


154. 


155. 





(a) increases (b) decreases 


(c) remains same 

(d) first increases and then decreases 

(e) first decreases and then increases. 

In a polytropic process, heat rejected is given by 





(a) — i x Work done on the system 
Y dai 

(b) I= 7 x Work done on the system 
Y = 


(c) t=" x Work done on the system 
Y 








bowed 





(d) x Work done on the system 


n 
(e) work done on the systems. 
Heat transfer during polytropic process is given by 


n — y y-n -T 
T ©) T-T) 





(a) — OXT, -T,) 


(c) Toy OTs PA (d) He, =P) 
y-1 
Y 

Which is false statement about Carnot cycle? 

(a) All the thermal engines are based on Carnot 
cycle. 

(6) It is represented as a standard of perfection. 

(c) It provides concept of maximising work output 
between two temperature limits. 

(d) The degree of perfection of other engines can be 
compared with Carnot cycle. 

(e) n of Carnot cycle = a 

Ty 

Carnot cycle has maximum efficiency for 

(a) reversible engine (b) irreversible engine 

(c) new engine (d) petrol engine 

(e) diesel engine. 

Measurement of temperature is based on 

(a) thermodynamic properties 

(6) zeroth law of thermodynamics 

(c) first law of thermodynamics 

(d) second law of thermodynamics 

(e) Joule’s law. 

Carnot cycle efficiency depends upon 

(a) properties of the medium/substance used 

(6) condition of engine 

(c) working condition 

(d) temperature range of operation 

(e) effectiveness of insulating material around the 
engine. 

Carnot cycle efficiency is maximum when 

(a) initial temperature is 0°K 

(b) final temperature is 0°K 

(c) difference between initial and final temperature 


is O°K 


(e) cr, -7,). 
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(d) final t ture is 0°K (b) heat flows from hot substance to cold substance. 
inal tempera 


aia i ided 
(e) initial temperature 1S minimum possible. a Fast can not flow from c old substance to hot 
156. An engine operates between temperatures of 900 °K = etatice 


and T, and another engine between Tg and 400° K. 


For both to do equal work, value of T, will be (d) heat can flow from cold substance to hot 


substance with the aid of external work 






y 600°K 
E an 700°K (e) (b) and (d) above. 
H 7500°K. 164. Which of the following represents the perpetual 
e ' 
: : motion of the first kind ? 
157. Steady flow system work can be determined by the ta engine with 100% thermal efficiency 
aji (b) a fully reversible engine 
; a rat e from low temperature 
b)- l 7 (c) transfer of heat energy 
i pa = i = source to high temperature source 
2 2 (d)a machine that continuously creates its own 
(c) - í pdV (d) | Vap energy 
1 


(e) production of energy by temperature differential 
in sea water at different levels. 

165. An actual engine is to be designed having same effi- 
ciency as the Carnot cycle. Such a proposition is 
(a) feasible (b) impossible 
(c) possible 
(d) possible, but with lot of sophistications 
(e) desirable. 


2 
(e) Í dVdp. 


158. If a heat engine attains 100% thermal efficiency, it 
violates 
(a) zeroth law of thermodynamics 
(b) first law of thermodynamics 
(c) second law of thermodynamics 
(d) law of conservation of energy 
(e) all of the above laws. 
159. According to Clausius Inequality statement for any 
cycle of processes, reversible or irreversible 


166. A manufacturer claims to have a heat engine capable 
of developing 20 h.p. by receiving heat input of 400 
kcal/mt and working between the temperature limits 
of 227°C and 27°C. His claim is 
(a) justified (b) not possible 
(c) may be possible with lot of sophistications 
(d) cost will be very high 
(e) theoretically possible. 


167. In a Carnot cycle, heat is transferred at 





(a) cyclic | 2 >0 (b) cyclic | è =0 


(e) cyclic | a <0 (d) cyclic | 2 <0 


eQ. (a) constant pressure (b) constant volume 
(e) cyclic Í y” always maxımum. (c) constant temperature 
160. According to James Joule (d) postam enthalpy te) any one of the above. 
(a) J = Q/W (b) W = QU 168. ‘an inventor claims that his heat engine has the fol 
(c) Q = WIJ (d) W = JIQ ee Ia E 
(e) Q =J/W. ower developed — 50 kW 


Fuel burned per hour — 3 kg 
Heating value of fuel — 75,000 kJ per kg 


Temperature limits — 627 and 27°C 
His heat engine is 


where, J= Joule’s constant or mechanical equivalent 
of heat, W= work done, and Q = heat transferred. 
161. If heat be exchanged in a reversible manner, which 
of the following property of the working substance 


will change accordingly (a) reality (b) impossible 
(a) temperature (b) enthalpy (c) costly (d) cheaper 
(c) internal energy (d) entropy (e) imaginary. 


(e) all of the above. 
162. If a system after undergoing a series of processes, 
returns to the initial state then 
(a) process is thermodynamically in equilibrium 
(b) process is executed in closed system cycle 
(c) its entropy will change due to irreversibility 
(d) sum of heat and work transfer will be zero 
(e) no work will be done by the system. 
163. According of Clausius statement 
(a) heat flows from hot substance to cold substance 


169. Joule-Kelvin coefficient is denoted by 
ôT 
(a) (St (b) (Z) 
Sp J; bu), 


6S ô 
(c) (=) Op 
òp jr sa) ‘a j 





d 
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176. 


177. 


178. 
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For an irreversible process, entropy change is 
5G . 
(a) greater than n (b) equal to òQ 
T 
òQ 
(c) less than 7 (d) equal to zero 


(e) less than or greater than a 


A A l { dq) . 
rhe value o m for reversible process is equal to 


(a) + ve value 
(c) zero 

(e) unity. 
Change of entropy depends upon 
(a) change of mass 

(b) change of temperature 

(c) change of specific heats 

(d) change of pressure and volume 
(e) change of heat. 


(b) — ve value 
(d) any one of the above 


§ 
The value of = for an irreversible process is 


(a) equal to zero 
(c) less than zero 
(e) unity. 

For polytropic process pV” = C for a perfect gas, 
change in entropy is given as 


(b) greater than zero 
(d) any one of the above 








y-n To y-n Va 

C log, — b R log, = 
taney l-n i Tı 2l y-1 = Vi 
y-n T y-1 Vo 
— R log, — (d)-—— Flog, = 
a A OET, yo eV, 


(e) (a) and (b) above. 

The value of Joule-Kelvin coefficient for an ideal gas 
is 

(a) 1 

(c) some + ve value 

(e) may have any value. 
A closed gaseous system undergoes a reversible pro- 
cess during which 200 kcal are rejected, the volume 
changing from 4 mê to 2 m° and the pressure remain- 
ing constant at 4.27 kg/cm?. The change of internal 
energy will be 


(b) some — ve value 
(d) zero 


(a) + 10 kcal (b) — 10 kcal 
(c) 0 (d) + 5 kcal 
(e) — 5 kcal. 


An engine operates between temperature limits of 
900°K and T, and another between T, and 400°K. 
For both to be equally efficient, T, will be equal to 


(a) 600°K (b) 650°K 

(c) 625°K (d) 700°K 

(e) 750°K . 

The value of entropy at 0°C is taken as 

(a) 1 (b) zero 

(c)-1 (d) some other value 


(e) any value. 
An engine is supplied with 1130 kcal/mt of heat, the 
heat source and sink being maintained at 565°K and 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 





315°K respectively. If heat rejected is 630 kcal/mt, 
then applying Clausius inequality, determine, 
whether the process is 
(a) reversible 

(c) impossible 

(e) unstable. 

If in previous problem, the heat rejected is 315 kcal/ 
mt, then process will be 
(a) reversible 

(c) impossible 

(e) unstable. 

If in above problem, the heat rejected is 945 kcal/mt 
then process will be 
(a) reversible 

(c) impossible 

(e) unstable. 

A heat engine is supplied heat at the rate of 30,000 
J/s and gives and output of 9 kW. The thermal effi- 
ciency of engine will be 


(b) irreversible 
(d) imaginary 


(b) irreversible 
(d) hypothetical 


(b) irreversible 
(d) hypothetical 


(a) 30% (b) 33% 
(c) 40% (d) 50% 
(e) 55%. 


In the above question, heat rejected will be 

(a) 2.1 kJ/s (b) 21 kJ/s 

(c) 210 kJ/s (d) 2100 kJ/s 

(e) 21000 kJ/s. 

If Q, is the heat transfer between hot temperature 
source and machine and Q, between cold tempera- 
ture source and machine, then for heat pump, COP 
will be equal to 








Q: Qə 
(a) (b 
TT a -@ 
Q; Qz 
(d 
A T Te 
Q -Q 
(e) Q, . 


In case of refrigeration machine, COP will be equal 
to 





Qə Qı 
(b) 
a Qi — Q Q -Q 
Q -Qə d Q -Qı 
(c) Q, (d) Q, 
Q -Qı 
(e) Q, 


The efficiency of a carnot engine is 0.75. It cycle di- 
rection is reversed, COP of reversed Carnot cycle will 


(a) 0.25 (b) 0.5 
(c) 1.25 (d) 1.33 
(e) 0.338. 


A house requires 60 M cal/hr in winter for heating. 
Heat pump absorbs heat form cold air outside and 
requires 8 M cal/hr of work. The COP will be 


(a) 0.75 (b) 6.5 
(c) 7.5 (d) 10 
(e) 15. 
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188. If the house in above problem is to be cooled and 


189. On a pressure volume diagram, the process line 


heat requirements of house are same and work to be 
done is also 8 M calV/hr, then COP will be 
(a) 0.75 (b) 6.5 


(c) 7.5 (d) 13 
(e) 3.75. 


pV” =C (as the value of n increases) will 
(a) come closer to y-axis 
(b) come closer to x-axis 
(c) come closer to 45° inclined line 
(d) remain in same position 
(e) change the quadrant. 


190. Heat added in a reversible adiabatic process is equal 


to 
-n 
(b) C, [i | PT) 
wa-r 





Vi 
(a) p,V, log V, 
(c) zero 
(e) + ve value. 


191. The slope of constant pressure line on temperature 
entropy diagram is given by 


(a) C/T (b) T/C, 
(c) S/T (d) TIS 
(e) T(y- 1) 


192. In a cycle, the heat is rejected at 
(a) constant temperature (b) constant pressure 


(c) constant volume (d) constant enthalpy 
(e) any one of the above. 


193. Steam flow through a nozzle is considered as 


(a) constant flow (b) isothermal flow 


(c) adiabatic flow (d) constant volume flow 
(e) constant pressure flow. 


194. Efficiency of a Carnot engine with t, = 200°C, t, = 


30°C, is 
(a) 85% (b) 36% 
(c) 80% (d) 12% 
(e) 15%. 
195. Internal energy of a substance depends on 
(a) volume (b) pressure 
(c) temperature (d) entropy 
(e) enthalpy. 


196. A diathermic wall is one which 
(a) prevents thermal interaction 
(b) permits thermal interaction 
(c) encourages thermal interaction 
(d) discourages thermal interaction 
(e) does not exist. 
197. An adiabatic wall is one which 
(a) prevents thermal interaction 
(b) permits thermal interaction 
(c) encourages thermal interaction 
(d) discourages thermal interaction 
(e) dos not exist. 
198. The door of a running refrigerator inside a room was 


left open. Which of the following statements is 
correct? 
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(a) The room will be cooled to the temperaturę 
inside the refrigerator. 

(b) The room will be cooled very slightly. 

(c) The room will be gradually warmed up. 

(d) The temperature of the air in room will remain 
unaffected. 

(e) any one of above is possible depending on the 
capacity. 

Compressed air coming out from a punctured footbal] 

(a) becomes hotter 

(b) becomes cooler 

(c) remains at the same temperature 

(d) may become hotter or cooler depending upon the 
humidity of the surrounding air 

(e) attains atmospheric temperature. 

Water contained in a beaker can be made to boil by 

passing steam through it 

(a) at atmospheric pressure 

(b) at a pressure below the atmospheric pressure 


(c) at a pressure greater than atmospheric pressure 
(d) any pressure 


(e) not possible. 
The only false statement in the following ones is 
(a) heat can be converted into work 


(b) heat rays can be converged at one point by 
concave mirror 


(c) water expands when cooled below 4°C 
(d) heat rays cannot pass through vacuum 
(e) heat may transfer by any of three modes. 
During throttling process 

(a) heat exchange does not take place 

(b) no work is done by expanding steam 


(c) there is no change of internal energy of steam 
(d) all of the above 


(e) entropy decreases. 


The energy of molecular motion appears as 
(a) heat 


(c) surface tension 
(e) increase in pressure. 


(b) potential energy 
(d) friction 


A sudden fall in the barometer reading is a sign of 
approaching 


(a) fine weather 
(c) storm 
(e) hot wave. 


(b) rains 
(d) cold wave 


The unit of universal gas constant is 

(a) Watts/°K (b) Dynes/°C 
(c) Ergs cm/°K (d) Erg/°K 

(e) none of the above. 

Calorie is a measure of 

(a) specific heat (b) quantity of heat 
(c) thermal capacity (d) entropy 

(e) work. 

1 kgf/cm? is equal to 

(a) 760 mm Hg (b) zero mm Hg 
(c) 735.6 mm Hg 


(d) 1 mm Hg 
(e) 100 mm Hg. 


p 
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908. Barometric pressure is equal to 


209. 


210. 


211 


212. 


213. 


214. 


215. 


216. 


217. 


(a) 760 mm Hg 
(c) 735.6 mm Hg 
(e) 100 mm Hg. 
One barometric pressure or 1 atmospheric pressure 
is equal to 

(a) 1 kgf/cm? 
(c) 0 kgf/cm? 

(e) 100 kgf/cm?. 
The value of 1 bar in S.I. units is equal to 

(a) 1 N/m? (b) I kN/m? 

(c) 1 x 104 N/m? (d) 1 x 105 N/m? 

(e) 1 x 10° N/m? 

Change of entropy for a heat exchange process is 
given by 


(b) zero mm Hg 
(d) 1 mm Hg 


(b) 1.033 kgf/cm? 
(d) 1.0197 kgf/cm? 


(a) AH x T (O = 
T 
T 
© AT © AH 
AT 
(e) Nim 


One bar is equal to 

(a) 1.0197 kgf/cm? or 750.06 mm Hg 

(b) 1 kgf/cm? or 735.6 mm Hg 

(c) 1.033 kgf/cm? or 760 mm Hg 

(d) zero kgf/cm? (e) 100 kgf/cm?. 

A perfect gas at 27°C was heated until its volume 
was doubled. The temperature of the gas will now be 


(a) 270°C (b) 540°C 
(c) 327°C (d) 729°C 
(e) 420°C. 


Change in the internal energy of small temperature 
change AT for ideal gas is expressed by the relation 
(a) AU = C,x AT (b) AU = C, x AT 

C 
(c) AH = ~~ x AT (d) AU =(C,—C,) AT 


U 


C, 


V 


Cp- 
(e) AU = ——— 
Cp 
Change in enthalpy for small temperature change 
AT for ideal gas is expressed by the relation 
(a) AH = Cx AT (b) AH = C, x AT 


AL; 





(© AU = <P x AT (d) AH = (C, - C,) AT 
U 
(e) AH = Cp- KAT 
p 
Real gases follows the relation 
(a) PV = nRT 


(b) (PV) x Compressibility factor = nRT 

(c) (PVF =C (d) PV" =C 

(e) PV” = RT. 

In case of steady flow system, work can be evalu- 
ated using an expression 


` 
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Final Final 

(a) W = PdV (6)W=[ Pav 
Initial Initial 
Final 

(c)W= — VdP (d) W = AQ — AE 
Initial 
Final 

(e) W= Í  —PdV 
Initial 


The first law of thermodynamics is the law of 

(a) conservation of mass 

(b) conservation of energy 

(c) conservation of momentum 

(d) conservation of heat 

(e) conservation of temperature. 

A perpetual motion machine is 

(a) a thermodynamic machine 

(b) a non-thermodynamic machine 

(c) a hypothetical machine 

(d) a hypothetical machine whose operation would 
violate the laws of thermodynamics 

(e) an inefficient machine. 

Kelvin Planck’s law deals with 

(a) conservation of heat 

(b) conservation of work 

(c) conversion of heat into work 

(d) conversion of work into heat 

(e) conservation of mass. 

According to Clausis statement of second law of ther- 

modynamics 

(a) heat can’t be transferred from low temperature 
source to high temperature source 

(b) heat can be transferred for low temperature to 
high temperature source by using refrigeration 
cycle. 

(c) heat can be transferred from low temperature to 
high temperature source if COP of process is 
more than unity 

(d) heat can’t be transferred from low temperature 
to high temperature source without the aid of 
external energy 

(e) all of the above. 

A frictionless heat engine can be 100% efficient only 

if its exhaust temperature is 

(a) below surroundings (6) 0°C 

(c) 0°K 

(d) equal to inlet temperature 

(e) it is never possible. 


D flow work done in a polytropic process is equal 
0 


(a) p(V; — V,) (b) zero 


(c) pyV, log #2 (d) p,V, log 12 
1 pı P,V, 10g V, 
(e) P2Vo ~ pV; 
l-n 
Carnot cycle consists of following four processes 


(a) two isothermals and two isentropics 
(b) two isentropics and two constant volumes 
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(c) two isentropics, one constant volume and one 
constant pressure 

(d) two isentropics and two constant pressures 
(e) one isothermal, one isentropic, one constant 
volume and one constant pressure. 
225. The ratio of actual cycle efficiency to that of the ideal 
cycle efficiency is called 

(a) effectiveness 

(c) efficiency ratio 
(e) net efficiency. 


(b) work ratio 
(d) isentropic efficiency 


226. The constant volume cycle is also called 


(a) Carnot cycle (b) Joule cycle 
(c) Diesel cycle (d) Otto cycle 
(e) Rankine cycle. 
227. Air refrigerators work on 
(a) Carnot cycle (b) Otto cycle 
(c) Atkinson cycle (d) Stirling cycle 
(e) Reversed joule cycle. 


228. The air standard efficiency of an Otto cycle is equal 
to 


w- (b)rY-1—1 

(c) 1-rt-1 @ 1-5 
1 

pty 


(where, r = compression ratio and Y = ratio of specific 
heats) 


229. Rankine cycle consists of 
(a) four processes 
(c) six processes 
(e) none of the above. 


Relative efficiency of a gas power cycle is given as 
the ratio of 


(b) five processes 
(d) three processes 


230. 


(a) actual thermal efficiency to air standard 
efficiency 


(b) theoretical thermal efficiency to air standard 
efficiency 


(c) air standard efficiency to actual thermal 
efficiency 

(d) brake thermal efficiency to air standard 
efficiency 


(e) indicated thermal efficiency to air standard 
efficiency. 

It is proposed to make a direct heat-to 

out of an elementary System whic 

while doing isothermal work exactly 


absorbed, thereby keeping internal 
Such a system is 


(a) not possible (b) possible 
(c) not desirable (d) commendable 
(e) possible only with lot of sophistication. 


Maxwell’s thermodynamic relations are applicable 
to 


(a) reversible processes 


231. -work converter 
h absorbs heat 
equal to the heat 
energy constant. 


232. 


ae ie BR 
= EEL = 
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(b) irreversible processes 
(c) mechanical system in equilibrium 

(d) thermodynamic processes 

(e) chemical system in equilibrium. 

Pick up the correct statement. An engine working 
between positive temperatures 

(a) can be a heat pump 

(b) can not be a heat pump 

(c) must be a heat pump 


(d) can be a heat pump only if frictionless machine 
is used 


(e) can be a heat pump only with lot of sophisti- 
cations. 


Pick up the correct statement. A refrigerator work. 
ing between positive temperatures 
(a) can pump work into work reservoir 


(b)can pump work into work reservoir with 
frictionless machine 


(c) must take work out of work reservoir 
(d) can not take work out of work reservoir 


(e) can take work out of work reservoir only under 
certain limitations. 


Thermal power plant works on 
(a) Carnot cycle 

(c) Rankine cycle 
(e) Brayton cycle. 


(b) Joule cycle 
(d) Otto cycle 


Which of the following is an irreversible cycle 
(a) Carnot (6) Stirling 

(c) Ericsson (d) all of the above 
(e) none of the above. 

Otto cycle consists of following four processes 
(a) two isothermals and two isentropics 

(b) two isentropics and two constant volumes 


(c) two isentropics, one constant volume and one 
constant pressure 


(d) two isentropics and two 
(e) none of the above. 
The efficiency of a Carnot 
(a) working substance 

(b) design of engine 

(c) size of engine 

(d) type of fuel fired 

(e) temperatures of source and sink. 
For same compression 
(a) Otto cycle is more 
(b) Diesel cycle is mo 


(c) efficiency depends on other factors 


(d) both Otto and Diesel cycles are equally efficient 
(e) none of the above. 


The efficiency of Ca 
(a) gas engine 

(c) petrol engine 

(e) reversible engine. 

For the same compression ratio, the efficiency of dus! 


combustion cycle is 


(a) greater than Otto cycle 


constant pressures 


engine depends on 


ratio and for same heat added 
efficient than Diesel cycle 
re efficient than Otto cycle 


rnot cycle is maximum for 


(b) well lubricated engit® 


(d) steam engine 


Mea 
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(b) less than diesel 

(c) less than Otto cycle and 
cycle 

(d) greater than both Otto and diese] 

(e) lesser than both Otto and diesel. 

. Carnot cycle is 

(a) a reversible cycle 

(b) an irreversible cycle 

(c) a semi-reversible cycle 

(d) a quasi static cycle 

(e) an adiabatic irreversible cycle. 

. Diesel cycle consists of following four processes 

(a) two isothermals and two isentropics 

(b) two isentropics, and two constant volumes. 

(c) two isentropics, one constant volume and one 
constant pressure 

(d) two isentropics and two constant pressures 

(e) none of the above. 


greater than Diesel 


. Ifboth Stirling and Carnot cycles operate within the 
same temperature limits, then efficiency of Stirling 
cycle as compared to Carnot cycle is 


(a) more (b) less 

(c) equal 

(d) depends on other factors 

(e) none of the above. 

. Stirling and Ericsson cycles are 

(a) reversible cycles (b) irreversible cycles 

(c) quasi-static cycles (d) semi-reversible cycles 

(e) adiabatic irreversible cycles. 

. IFT nax and T nin be the maximum and minimum tem- 

peratures in an otto cycle, then for the ideal condi- 

tions, the temperature after compression should be 
T 


(a) max T Taio 


92 (b) y Tmax/Tmin 


(c) JT Tan (d) Tint <2 — Tmin | 
Ta, — Tr; 

et. = a 

. The working substance for a Carnot cycle is 

(a) atmospheric air (b) air fuel mixture 

(c) steam (d) ideal gas 

(e) real gas. 

A cycle consisting of two adiabatics and two constant 

pressure processes is known as 

(a) Otto cycle (b) Ericsson cycle 

(c) Joule cycle (d) Stirling cycle 

(e) Atkinson cycle. 

. Reversed Joule cycle is called 

(a) Carnot cycle (b) Rankine cycle 

(c) Brayton cycle (d) Bell Coleman cycle 

(e) Dual cycle. 

. Brayton cycle consists of following four processes 

(a) two isothermals and two isentropics 

(b) two isentropics and two constant volumes 


(c) two isentropics, one constant volume and one 
constant pressure 


251. 


252. 


253. 


254. 


255. 


256. 


257. 


258. 


259. 


(d) two isentropics and two constant pressures 

(e) none of the above. 

Which of the following cycles is not a reversible 
cycle ? 

(a) Carnot 

(c) Stirling 

(e) none of the above. 
The cycle in which heat is supplied at constant 


volume and rejected at constant pressure is known 
as 


(b) Ericsson 
(d) Joule 


(a) Dual combustion cycle (b) Diesel cycle 

(e) Atkinson cycle (d) Rankine cycle 

(e) Stirling cycle. 

The efficiency of Diesel cycle with decrease in cut off 
(a) increases (6) decreases 

(c) remains unaffected 

(d) first increases and then decreases 

(e) first decreases and then increases. 


Which of the following cycles has maximum effi- 
ciency ? 


(a) Rankine (6) Stirling 
(c) Carnot (d) Brayton 
(e) Joule. 


The ideal efficiency of a Brayton cycle without re- 

generation with increase in pressure ratio will 

(a) increase (b) decrease 

(c) remain unchanged 

(d) increase/decrease depending on application 

(e) unpredictable. 

The ideal efficiency of a Brayton cycle with 

regeneration, with increase in pressure ratio will 

(a) increase (6) decrease 

(c) remain unchanged 

(d) increase/decrease depending on application 

(e) unpredictable. 

The following cycle is used for air craft refrigeration 

(a) Brayton cycle (6) Joule cycle 

(c) Carnot cycle (d) Bell-Coleman cycle 

(e) reversed-Brayton cycle. 

Gas turbine cycle consists of 

(a) two isothermals and two isentropics 

(6) two isentropics and two constant volumes 

(c) two isentropics, one constant volume and one 
constant pressure 


(d) two isentropics and two constant pressures 
(e) none of the above. 


The thermodynamic difference between a Rankine 

cycle working with saturated steam and the Carnot 

cycle is that 

(a) Carnot cycle can’t work with saturated steam 

(b) heat is supplied to water at temperature below 
the maximum temperature of the cycle 

(c) a Rankine cycle receives heat at two places 

(d) Rankine cycle is hypothetical 

(e) none of the above. 
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'60. The heat addition in dual combustion cycle is done 
at 
(a) constant pressure (b) constant volume 


(c) partly at constant pressure and partly at 
constant volume 


(d) constant temperature 
(e) constant enthalpy. 


261. Diesel cycle efficiency is maximum when the cut off 
is 


(a) equal to Carnot cycle (b) less than Carnot ie | 
(c) equal to Brayton cycle . 
(d) equal to Joule cycle 
(e) less than Brayton cycle. 

269. The concept of regeneration is used in following cycles 
(a) Rankine and Stirling (b) Rankine and Ericsson 
(c) Stirling and Ericsson (d) Stirling and Brayton 
(e) Ericsson and Brayton. 





i 270. A Bell-Coleman cycle is a reversed 
o cour 7 eerie (a) Carnot cycle (b) Otto cycle 
(e) zero. (c) Joule cycle (d) Stirling cycle 
262. The pressure ratio in case of Bell-Coleman cycle i ee ace. 
of the order of aoe 271. Ericsson cycle consists of the following four processes 
(a) 5—6 (b) 7—9 (a) two isothermals and two isentropics 
(c) 10—15 (d) 15—22 (b) two isothermals and two constant volumes 
(e) 23—30. (c) two isothermals and two constant pressures 


(d) two adiabatics and two constant pressures 
(e) none of the above. 
272. A petrol engine theoretically operates on 
(a) constant pressure cycle 
(b) constant volume cycle 
(c) constant temperature cycle 
(d) constant entropy cycle 
(e) mixed cycle of constant pressure and constant 
volume. 
273. A diesel engine theoretically operates on 
(a) constant pressure cycle 
(b) constant volume cycle 
(c) constant temperature cycle 
(d) constant entropy cycle 
(e) mixed cycle of constant pressure and constant 
volume. 
274. A high speed diesel engine theoretically operates on 
(a) constant pressure cycle 
(b) constant volume cycle 


263. Stirling cycle consists of following four processes 
(a) two isothermals and two constant volumes 
(b) two isothermals and two isentropics 
(c) two isothermals and one constant volume and 
one constant pressure 
(d) two isothermals and two constant volumes 
(e) none of the above. 
264. Atkinson gas engine has a special feature that 


(a) isentropic compression and expansion are of 
equal stroke lengths 


(b) isentropic compression is on a short stroke and 
the expansion on longer stroke 


(c) isentropic compression is on a longer stroke and 
the expansion on a short stroke 


(d) it employs shortest compression and expansion 
strokes 


(e) none of the above. 


965. The ideal efficiency of an Ericsson cycle with perfect 
regeneration and operating between two given tem- 


perature limits is (c) constant temperature cycle 

(a) equal to Joule cycle (d) constant entropy cycle 

(b) equal to Carnot cycle (e) mixed cycle of constant pressure and constant 

(c) equal to Brayton cycle volume. 

(d) less than Carnot cycle 275. The constant pressure gas turbine works on the 

(e) more than Carnot cycle. (a) Rankine cycle (b) Bell-Coleman cycle 
266. In a Carnot engine, when the working substance re- (c) Carnot cycle (d) Dual cycle 


jects its heat to sink, the temperature of sink 
(a) increases (b) decreases 
(c) remains same 
(d) may increase/decrease depending on capacity of 
engine 
(e) first increases and subsequently decreases. 
267. The ideal efficiency of Joule cycle operating between 
two given temperature limits is 
(a) equal to Joule cycle (b) equal to Carnot cycle 
(c) equal to Brayton cycle (d) less than Carnot cycle 
(e) more than Carnot cycle. 
268. The ideal efficiency of a Striling cycle with perfect 
regeneration and operating between two given tem- 
perature limits is 


(e) Brayton cycle. 
276. According to Kelvin Planck statement 

(a) it is impossible to construct a heat engine whic 
operates in a cycle and receives a given amou? 
of heat from a high temperature body and doe! 
equal amount of work 5 

(b) it is impossible to construct a device wh 
operates in a cycle and produces no effect on 
than the transfer of heat from a cooler body 
hotter body k 

(c) when two dissimilar metals are heated at pi 
end and cooled at other, e.m.f. is dete st 
proportional to difference of temperatures at 
ends 
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277. 


278. 


279. 


280. 


281. 


282. 


(d) heat can be converted into work 

(e) work can be converted into heat. 

A steam nozzle converts 

(a) kinetic energy into heat 

(b) heat energy into potential energy 

(c) potential energy into heat 

(d) heat energy into useful energy 

(e) heat energy into kinetic energy. 

Which is true statement in connection with second 

law of thermodynamics ? 

(a) it is not possible for the heat energy to flow 
spontaneously from a body at a lower 
temperature to a body at higher temperature. 

(b) it is not possible to construct perpetual motion 
machine of the second kind. 

(c) it is not possible to construct an engine, which 
while operating in a cycle produces no other 
effect except to extract heat from single 
reservoir and do equivalent amount of work. 

(d) Carnot engine as compared to all engines 


operating between given two temperature 
limits, is the most efficient. 


(e) all of the above. 

According to Clausius statement 

(a) it is impossible to construct a heat engine which 
operates in a cycle and receives a given amount 
of heat from a high temperature body and does 
equal amount of work 

(b) it is impossible to construct a device which 
operates in a cycle and produces no effect other 
than the transfer of heat from cooler body to 
hotter body 

(c) when two dissimilar metals are heated at one 
end and cooled at other, e.m.f. is developed 
proportional to difference of temperatures at two 
ends 

(d) heat can be converted into work 

(e) work can be converted into heat. 

Under what condition it is possible that heat be ab- 

stracted from hot source, as well as cold source and 

positive work be done 

(a) impossible 

(b) hot reservoir is at negative temperature 

(c) cold reservoir is at negative temperature 

(d) both hot and cold reservoirs are at positive 
temperatures 

(e) none of the above. 

What should be the limitation of hot and cold reser- 

voir temperatures, if a two-temperature machine 

pumps heat into hot reservoir as well as cold reser- 

voir and work is done on the system ? 

(a) cold reservoir must have +ve temperature 

(b) cold reservoir must have —ve temperature 

(c) hot reservoir must have + ve temperature 

(d) hot reservoir must have — ve temperature 

(e) none of the above. 

What are the limitations to the signs of heat 

exchange form hot and cold reservoirs if a two- 


283. 


284. 


285. 


286. 


287. 


288. 


temperature machine operates between two positive 

temperatures ? 

(a) heat must be rejected to hot source and 
abstracted from cold source 

(b) heat must be abstracted from hot source and 
rejected to cold source 

(c) heat must be rejected to both the sources 

(d) heat must be abstracted from both the sources 

(e) no limitation. 

Which is the wrong assumption for calculation of air 

standard efficiency ? 

(a) all processes are reversible 

(b) specific heat remains constant at all tem- 
peratures 

(c) no account of the mechanism of heat transfer is 
considered 

(d) gases dissociate at higher temperatures 

(e) working substance is a perfect gas. 

What are the limitations to the signs of heat ex- 

change from hot and cold reservoirs if a two-tem- 

perature machine operates between two negative 

temperatures ? | 

(a) heat must be rejected to hot source and 
abstracted from cold source 

(b) heat must be abstracted from hot source and 
rejected to cold source | 

(c) heat must be rejected to both the sources 

(d) heat must be abstracted from both the sources 

(e) no limitation. 

An ideal gas at 27°C is heated at constant pressure 

till its volume becomes three times. The tempera- 

ture of gas then will be 


(a) 81°C (b) 900°C 
(c) 627°C (d) 927°C 
(e) 574°C. 


According to Pettlier Thomson effect 

(a) it is impossible to construct a heat engine which 
operates in a cycle and receives a given amount 
of heat from a high temperature body and does 
equal amount of work 

(b) it is impossible to construct a device which 
operates in a cycle and produces no effect other 
than the transfer of heat from a cooler body to 
hotter body 

(c) when two dissimilar metals are heated at one 
end and cooled at other, e.m.f. is developed 
proportional to difference of temperatures at two 
ends 

(d) heat can be converted into work 

(e) work can’t be converted into heat. 

All diesel cycles except slow speed engines use fol- 

lowing cycle 

(a) Diesel 

(c) Joule 

(e) Reversed Joule. 


Second law of thermodynamics defines 
(a) entropy (b) enthalpy 


(b) Otto 
(d) Mixed dual 
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(c) heat (d) work 


(e) internal energy. 
289. Gas turbines work on 

(a) constant pressure cycle 

(b) constant volume cycle 

(c) constant temperature cycle 

(d) constant enthalpy cycle 

(e) dual combustion cycle. 

290. Cycle used in thermal power plants is 
(a) Carnot (b) Reversed Carnot 
(c) Rankine (d) Brayton 
(e) Ericsson. 

291. Substance is flowing in a pipe of 200 mm inside 
diameter at an average velocity of 3 m/sec. At a given 
section of the pipe line the pressure is 1.5 MN/m? 
absolute. What is the flow work of 0.5 cubic meter, 
expressed in joules passing this section ? 


(a)1J (b) 75,000 J 
(c) 90,000 J (d) 100,000 J 
(e) 25,000 J. 


292. Calculate the enthalpy of 3 kg of fluid that occupies 
a volume of 1.5 mê, if the internal energy is 3.5 M 
Joules/kg and the pressure is 0.3 MN/m? 


(a) 3.95 MJ (b) 3.65 MJ 
(c) 10.95 MJ (d) 11.85 MJ 
(e) none of the above. 
293. An isentropic process on T-S diagram is represented 
by a 
(a) horizontal line (6) vertical line 
(c) inclined line (d) curved line 


(e) none of the above. 
294. Expansion in nozzle is a 
(a) isobaric process (b) isothermal process 
(c) adiabatic process (d) isochoric process 
(e) parabolic process. 
295. Air standard efficiency of a Diesel cycle is depen- 
dent upon 
(a) ratio of specific heats (b) cut off ratio 
(c) adiabatic compression ratio 
(d) all of the above 
(e) none of the above. 
296. Asystem will be in thermodynamic equilibrium only 
if it is in 
(a) thermal equilibrium 
(6) mechanical equilibrium 
(c) chemical equilibrium 
(d) all of the above 
(e) static state. 
297. Choose the correct statement 
A property of a system 
(a) remains constant during a reversible process 
(b) changes when a system after completing a cycle 
returns to its initial stage 
(c) is always of intensive type 
(d) is a path function 
(e) is a point function. 





MECHANICAL ENGINEERING 


298. Entropy is called the property of the system because i 
(a) its derivative is zero for any process 
(b) it has same value at any two equilibrium States 
(c) it has a single value at each equilibrium state 
(d) it has a constant value at each equilibrium state 
(e) it depends upon the path followed by the System, 
299. Isothermal compressibility of a substance is denoteq 


by 
1/ dv T) 
me w (2 
a sar òv J, 
öp 1 z) 
(c) (22 (d) (3 


t = temperature, T = absolute temperature. 


300. Average coefficient of volume expansion of a sub- 
stance is denoted by 


1/ dv T) 
a aa ay onal 
(a) st (a s 


Sp B i= 
(c) = 3) (d) y \ &P m 


t = temperature, T = absolute temperature. 
301. Isothermal bulk modulus of a substance is denoted 


by 
1/ dv òT 
(a) ler), (b) eal 
op 1/ dv 
(e) — (2) (dq) — =| — 
òS J, el 


t = temperature, T = absolute temperature. 
302. Temperature of the order of — 150°C can be accu- 
rately measured by 
(a) mercury in glass thermometer 
(b) thermocouple (c) gas thermometer 
(d) pyrometer (e) alcohol thermometer. 
303. When two gases suddenly mix up with each other 
then resultant entropy of the system will 
(a) decrease (6) increase 
(c) remain same 
(d) may increase or decrease depending upon the 
initial conditions of the gases 
(e) attain negative value. 
304. If hot water and cold water are mixed, then the 
entropy of the system will 
(a) increase (6) decrease 
(c) remain same 
(d) may increase/decrease depending on initial 
temperature of hot and cold water 
(e) attain negative value. 
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308. 


309. 


310. 


311. 


312. 


313. 


314, 
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When a process undergoes ac sd ie eae 

aie i piion ae an a complete cycle then the 

(a) + ve value 

(c) zero value 

(d) + ve or — ve depending on initial condition 

(e) none of the above. 

If air 1s compressed adiabatically from atmospheric 

condition in a cylinder having compression ratio of 

G, then pressure at the end of compression shall be 

(a) 6 ata (b) less than 6 ata 

(c) more than 6 ata 

(d) less or more than 6 ata depending on tempera- 
ture at the end of compression 

(e) unpredictable. 

A process which undergoes energy loss due to fric- 

tion is called 

(a) adiabatic process (b) isentropic process 

(c) reversible process (d) irreversible process 

(e) practical or real process. 

Which of the following is extensive property ? 

(a) entropy (b) internal energy 

(c) kinetic energy (d) potential energy 

(e) all of the above. 

Which of the following is not an extensive property ? 

(a) entropy (b) enthalpy 

(c) internal energy (d) potential energy 

(e) density. 

The cyclic integral of (5Q — ôW) for a process is equal 

to 

(a) positive 

(c) zero 

(d) positive or negative depending upo 
process 

(e) unpredictable. 

(SQ — 5W) for ideal gases is 

(a) a path function 

(b) dependent on temperature only 

(c) dependent on pressure only 

(d) dependent on pressure and temperature 

(e) constant value. 

Internal energy and ent 

tions of 

(a) temperature only 

(c) temperature and pressure 

(d) pressure, temperature and sp 

(e) temperature and specific volume. 

A process occurs spontaneously if its entropy 

(a) increases (b) decreases 

(c) remains same (d) becomes zero 


(e) becomes negative. 
The area under curve on 
(a) heat transfer for all processes 

(b) heat transfer for adiabatic processes 
(c) heat transfer for reversible processes 
(d) heat transfer for irreversible processes 


(e) heat transfer for real processes. 


(b) — ve value 


(b) negative 


n the type of 


halpy of an idle gas are func- 
(b) pressure only 


ecific volume 


T-S diagram represents the 


315. 


316. 


317. 


318. 


319. 


320. 


321. 


322. 


77 





iii relationship defines the Gibb’s free energy 
4 
(a)G=H+TS 
(c)G=U+TS 
(ce) G=U + pV. 
Following relationship defines the Helm-holtz func- 
tion F as 
(a)F=H+TS 
(c)F=U+TS 
(ec) F=U + pV. 
IfM,,M,, My -.-. he molecular weights of constituent 
gases and m,, Mg, Mz + their corresponding mass 
fractions, then the molecular weight M of the mix- 
ture is equal to 
(a) m,M, + mM, + MM, +. 

1 


(b) 


(b)G=H-TS 
(d)F=U-TS 


(bh) F=H-TS 
(d)F=U-TS 


ee Ř 
mM, + mM + mM +... 








M3 
Two gases with their molecular weights 28 and 44 
expand at constant pressure through the same tem- 
perature range. The ratio of quantity of work done 
by the two gases is 


(a)T7:11 (b) 11:7 
(c)4:11 (d)7:4 
(e) 4: 7. 


How much mass of oxygen is required to convert 


1 kg of carbon into = kg of CO, ? 


3 11 
— k b) — k 
(a) 1 g (b) 3 g 
4 8 
* k = 
(c) 3 g (d) z ke 
(e) 1 kg. 


Work done in compressing 1 kg of gas adiabatically 

from p}, Vy, T; to Po, Va Tg 18 equal to 

(a) C, (T3 - Ty) (b) C,T -T,) 

(c) R(T, - T3) (d) p V1- P2V2 

(e) p,V,/T, - PVA To 

Work is considered to be a superior form of energy 

as compared to heat energy because 

(a) work is direct energy 

(b) work is useful form of energy 

(c) while work can be fully converted into 
can’t be fully converted into work 

(d) it is often required to convert heat into work and 
not vice versa 

(e) there are no radiation ] 

Triple point of a pure substance 15 4 

(a) liquid and vapour exist together 

(b) solid and liquid exist together 


heat, heat 


osses in the work. 
point at which 
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ther 
(c) solid and vapour exist toge | 
(d) solid, liquid and vapour phases exist together 


(e) undefined. | 

323. A substance above critical temperature exists as 
(a) solid (b) liquid 
(c) gas (d) vapour 


(e) supersaturated fluid. 
324. Triple point of a pure substance on p-V diagram is 

represented by a 

(a) point 

(c) curve 


(b) line 
(d) triangle 
(e) can’t be represented on p-v diagram. 
325. Triple point temperature and pressure for water are 
(a) 1.00°C and 1 ata (b) 0°C and 1 ata 
(c) 100°C and 1 ata (d) 0°C and 0.006028 ata 
(e) 0.01°C and 0.006028 ata. 
326. Pick up the correct relationshi 
(a) TdS = dH - Vdp 
(c) TdS = dH — pdV 
(e) TdS = dU- Vdp. 
327. One killowatt 


p from the following 
(b) TdS = dH + Vdp 
(d) TdS = dU + Vdp 


-hour of energy is equal to 





(a) 1 kJ (b) 100 kJ 
(c) 3600 J (d) 3600 kJ 
(e) 36,000 kJ. 
328. Which of the following is the unit of energy ? 
(a) Joule (J) 
(6) Watt (W) and Joule/metre2? (J/m?) 
(c) Joule-metre (J m) (d) J/m 
(e) kW/hr. 
329. Which of the following is the unit of power ? 
(a) J (b) W 
(c) Jm (d) J/m? 
(e) J/m. 
330. Which of the following is the unit of entropy ? 
(a) J/kg°K (b) JPK 
(c) Nm/kg sec (d) Nm/kg°K 
(e) J/kg. 
331. Which of the following is th it i 
araa g e unit of universa] gas 
Hs Nm/kg (b) Nm/?K 
c) Nm kg/°K (d) Nm/k > 
(e) Nm/kp°K. EE 
332. a the correct statement from the following 
a) All the engines have same efficien 
b) All th sÁ 
( e reversible engines 
(c) All the r 


i e engines have Maximy 

983. It is not possible to lique hydrogen ia 
room tem- 

ressure because i 

temperature 


(b) it has low density 


(c) it has three isotopes 
(d) it has high thermal conductivity 
(e) it is a diatomic molecule. 
334. All gases behave ideally under 
~ (a) vacuum conditions 
(b) low pressure conditions 
(c) high pressure conditions 


a 
* 
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(d) high pressure and high temperature conditions 


(e) super critical pressure. 
335. Pick up the correct statement from the following 


(a) Diesel cycle is more efficient than Otto cycle for 


a given compression ratio 


(b) Otto cycle is more efficient than Diesel cycle for 


a given compression ratio 


(c) For a given compression ratio, both Otto and 


Diesel cycles have same efficiency 


(d) In actual practice Otto cycle is more efficient 


than Diesel cycle 
(e) Efficiency of Otto or Diesel 
do with compression ratio. 
336. R.M.S velocity of hydrogen gas at N.T-P. is 
(a) 189 m/sec (6) 526 m/sec 


(c) 932 m/sec (d) 1356 m/sec 
(e) 1839 m/sec. a 


337. Molecule is defined as the 
(a) substance which has 
simpler form 
(b) element made up of minute and chemically 
indivisible particles 
(c) smallest quantity of a subst 
by itself in chemically reco 
(d) indivisible particle 
(e) smallest substance. 
338. Atom is defined as the 
(a) substance which 
simpler form 


not been resolved into 


ance which can exist 
gnised form 


has not been resolved into 


oe P of minute icall 
indivisible partiele. and chemically 


(d) lightest substance 
(e) nucleus. 


339. Element is defined as the 

(a) substance whic 
simper form 

(b) el 


element made 


Ea up of mi ically 
indivisible particles minute and chemic 
(c) SMallest 


h has not been resolved into 


ng a process can be determined bY 
pdV, When the Process is 


(b) static 
(d) adiabatic 
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341. During a process on the closed system, its internal 
energy increases by twice the units than the heat 
added to it. It is possible due to 


(a) radiation of heat from surroundings 
(b) lowering of the temperature 
(c) increasing of temperature 
(d) performing of shaft work on the system 
(e) increase in entropy of the system. 
342. A gas is formed by mixing equal masses of oxygen 


and nitrogen gas. The ratio of nitrogen and oxygen 
by volume will be 





oe 28 

(a) 35 + 28 CT: 

28 32 

ee’ 7 a aaa 
(c) 39 (d) s 

28 32 

32 28 
(e) 24—12, 

2 


343. Partial pressure of a component in a mixture is 
(a) the average of pressure of all the components 
(b) the total pressure—its own pressure 
(c) the pressure exerted by the component 
(d) pressure of the component itself if it was present 
in the entire volume at the same temperature 
(e) the partial volume occupied by the component. 
344. Sublimation curve on p-t diagram for all substances 
possesses the following slope 
(a) zero (b) infinity 
(c) positive (d) negative 
(e) variable. 
345. Sublimation is the process of 
(a) changing from solid state to direct gas state 
(b) changing from gas state to direct solid state 
(c) existence of liquid and gases together 
(d) existence of solid, liquid and gas simultaneously 
(e) supersaturation of vapour. 
346. The process of sublimation is found to occur in the 


case of 

(a) liquid nitrogen (b) solid CO, 
(c) solid O, (d) steel 

(e) air. 


347. Vaporisation curve on p-t diagram for all substances 
possesses the following slope 
(a) zero (b) infinity 
(c) positive (d) negative 
(e) variable. 

348. Fusion curve on p-t diagram for all substances pos- 
sesses the following slope 
(a) zero 
(c) positive 
(e) variable. 

349. In a cyclic process, the net heat supplied is 70 kJ/ 
sec. The work obtained from the cycle is equal to 
(a) less than 70 kJ/sec (b) more than 70 kJ/sec 
(c) zero (d) 70 kJ/sec 
(e) would depend on change in internal energy. 


(b) infinity 
(d) negative 


350. 


351. 


352. 


353. 


354. 


399. 


356. 


357. 


358. 


359. 


79 





1 mê of methane combined with 2 m? of oxygen would 
produce CO, and H,O in following quantities 

(a) 1 m3, 1 mê (b) 2 m3, 2 mê 

(c) 1 m3, 2 m3 (d) 2 m3, 1 m? 

(e) 1 mê, 3 m? 


Which of the following is a compound ? 
(a) oxygen (b) hydrogen 
(c) helium (d) water 


(e) sulphur. 

When a vapour condenses into a liquid 

(a) its temperature rises (b) its temperature falls 
(c) it evolves heat (d) it absorbs heat 

(e) enthalpy remains constant. 

A closed system receives 50 kJ heat but the internal 
energy of the system decreases by 20 kJ. The work 
done by the system would be 


(a) 75 kJ (b) — 75 kJ 
(c) 25 kJ (d) - 25 kJ 
(e) 50 kJ. 


A constant volume closed system is found to undergo 
change in its internal energy by 50 kJ whereas it 
received only 25 kJ of heat. Such a situation is 

(a) possible (b) impossible 

(c) possible, if temperature of system decreases 

(d) imaginary 

(e) possible, if process is cyclic and reversible. 

A reversible engine working between the tempera- 
ture limits of 600°K and 1200°K receives 50 kJ of 
heat. The work done by the engine will be 


(a) 50 kJ (b) 100 kJ 

(c) 25 kJ (d) —- 25 kJ 

(e) — 50 kJ. 

One kg of gas is compressed adiabatically from 1 kg/ 


cm2, 1 mê volume and 300°K to 5 kg/cm?, 0.50 mê 
volume and 400°K. Work transfer in this process will 
be 

(a) zero 

(c) 24 kcal 
(e) 700 kcal. 
The specific heats at constant volume and constant 
pressure for air are 711 J/kg °K and 1000 J/kg °K 
respectively. The gas constant for air is 


(a) 1711 J/kg °K (b) 289 J/kg °K 

289 
(c) 427 
(e) none of the above. 


(6) 17.1 keal 
(d)5x 0.5-1 x 1 kcal 


J/kg °K (d) data is incomplete 


1 kg of carbon produces following quantity of CO 
(a) 1kg (b) = kg 
7 
i 3 
(c) 3 kg (d) 7 kg 
3 
(e) Ti kg. 


1 kg of carbon would produce following percentage 
of CO, in flue gases 
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(a) 11% (b) 18% 369. Specific fuel consumption is defined as 

(c) 23% (d) 29% (a) fuel consumption per hour 

(e) 36%. (b) fuel consumed per km 

360. 1 kg of carbon produces following quantity of CO, (c) fuel consumed per BHP 

4 i (d) fuel consumed per hr per BHP 

Hl kg (b) 3 kg (e) fuel consumed per hr per IHP. 

5 3 370. Flameless combustion means 
sed 3 kg (a) 7 kg (a) inert gas combustion (b) invisible combustion 


9 (c) catalytic combustion (d) combustion in Vacuy, 
le) i kg (e) there is nothing like flameless combustion. 


361. Sometimes ice is white in colour. It is due to 371. Consider the following statements about critieg 
(a) cooling rapidly (b) sub-cooling util of water: . 
(c) blowing air during freezing process l. The latent heat oe . 
(d) presence of dissolved air/gases and impurities 2. The liquid is denser than its vapour. | | 
(e) mixing of salt in water. 3. Steam generators can operate above this point. 
362. The ratio of air required for complete combustion of ee statements 
carbon to carbon-dioxide as compared to that re- (a) 1, 2 and 3 are correct (b) 1 and 2 are correct 
quired for combustion to carbon-monoxide is (c) 2 and 3 are correct (d) 1 and 3 are correct. 
(a)1.5:1 (0)2:1 372. Match List I and List II and select the correct answe 
(c)2.3:1 (d)3.0:1 using the codes given below the lists: 
(e) 3.3: 1. List I List II 
363. Bomb calorimeter is used to measure the calorific (Cycle operating (Characteristic) 
value of between fixed 
(a) solid fuels (b) liquid fuels temperature limits) 
(c) gaseous fuels (d) solid or liquid fuel A. Carnot cycle 1. Efficiency depends 


(e) any one of the above. 
364. Which of the following gases possesses maximum | 
heat content at 100°C 


upon cut-off ratio and 
compression ratio 


(a) O, (b) CO, B. Brayton cycle 2. FASISEY depends 

(c) H, (d) CH, HEAO 

(e) C,H. compression ratio 
365. The following is concerned with the combustion of C. Otto cycle 3. Efficiency depends 

gaseous fuels only upon pressure 

(a) Avogadro's hypothesis ratio 

(b) Krichhoffs law D. Diesel cycle 4. Efficiency depends 


(c) Dalton’s law 
(d) Mandeleefs periodic tables 
(e) Charle’s law. 


only upon 

temperature limits 
5. Efficiency depends 

upon specific heats of 





366. The area under a curve on T-s diagram represents 
(a) heat transfer 
` W ine S ` ance 
(6) enthalpy transfer the working subst 


(c) heat transfer during reversible process ee A B © D 
(d) heat transfer during irreversible process al 3 4 2 9 
(e) change of entropy. (b) 4 2 1 5 
367. Submerged combustion involves (c) 4 3 2 l 
(a) combustion inside the liquid medium (d) 3 4 5 l 
(b) combustion of liquid fuels 373. One reversible heat engine operates between 1600 K 
(c) combustion of liquid fuel under inert gases and T, K, and anothor reversible heat engi® 
(d) invisible combustion operates between T, K and 400 K. If both the engine 
(e) there is nothing like submerged combustion. ai the same heat input and output, then t 
368. All the commercial liquid fuels are derived from one T, must be cartel 
(a) coal (6) crude oil (c) 1400 i a 
(c) gasoline (d) fuel oil 


374. A heat engine using lake water at 12°C as sourt? 
and the surrounding atmosphere at 2°C as si 
executes 1080 cycles per min. If the amount of hes! 


(e) kerosene. 
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drawn per cycle is 57 J, then the output of the engine List I List It 


will be 

(a) 66 W (b) 56 W A. Two constant volumes 1. Ericsson 

(c) 46 W (d) 36 W and two adiabatics o 
375. For constant maximum pressure and heat input, the B. Two constant pressures 2. Stirling 

air standard efficiency of gas power cycles is in the and two adiabatics 

order. C. Two constant volumes 3. Joule 

(a) Diesel cycle, dual cycle, Otto cycle and two isothermals 

(b) Otto cycle, Diesel cycle, dual cycle D. Two constant pressures 4. Otto 

(c) Dual cycle, Otto cycle, Diesel cycle and two isothermal 

(d) Diesel cycle, oie cycle, dual cycle Codes: A B C D 
376. Volumetric analysis of sample of dry products of com- (a) 3 4 2 1 

bustion gave the following results: (b) 3 4 1 9 

CO, = 10% CO=1% O, = 8% (c) $ 3 1 2 

N, =81% (d) 4 3 2 1 


Their proportions by weight will be 
(a) 440 : 28 : 256 : 2268 (b) 22:14 : 256: 1134 
(c) 440 : 14 : 28 : 2268 (d) 22:28:14:1134 


383. Match figures of Column I with those given in 
Column II and select the correct answer using the 
codes given below the columns: 


377. The reading of the pressure gauge fitted on a vessel Column | (p-v diagram) Column ll (T-s diagram) 
is 25 bar. The atmospheric pressure is 1.03 bar and p T 
the value of g is 9.81 m/s”. The absolute pressure in 
the vessel is A. 1. 
(a) 23.97 bar (b) 25.00 bar 
(c) 26.03 bar (d) 34.84 bar 
378. In a cyclic heat engine operating between a source p y : 
temperature of 600°C and a sink temperature of T 
20°C, the least rate of heat rejection per kW net out- 
put of the engine is a fo 
(a) 0.460 kW (b) 0.505 kW 
(c) 0.588 kW (d) 0.650 kW 
379. A Carnot engine receiving heat at 400 K has an effi- p H 
ciency of 25%. The C.O.P. of a Carnot refrigerator T 
working between the same temperature limits is c 3, 
(a) 1 (b) 2 Eg 
(c) 3 (d) 4. 
380. Otto-cycle efficiency is higher than Diesel cycle effi- V V 
ciency for the same compression ratio and heat in- CalvecA BG A B C 
put because, in Otto cycle (a) 1 2 3 (b) 2 3 1 
(a) combustion is at constant volume | (c) 9 1 2 d3 2 1 
(b) expansion and compression are isentropic 384. Heat transfer takes place according to 
(c) maximum temperature is higher (a) Zeroth Law of Thermodynamics 
(d) heat rejection is lower. (b) First Law of Thermodynamics 
381. The isothermal efficiency of a reciprocatıng compres- (c) Second Law of Thermodynamics 
sor is defined as l (d) Third Law of Thermodynamics. 
actual work done during comp eran 385. Match List I with List II and select the correct answer 
isothermal work done during compression List I List II 
(b) adiabatic work done during compression. A ona kaf a 
isothermal work done during compression l l J vap 
e) isothermal work done during compression Poro lai a 
actual work done during compression B. Work done in a 2. Zero 
(q) __isothermal work done during compression steady flow process. 
actual work done during adiabatic compression C. Heat transferina 3. PıVı- P2V2 
382. Match List I with List II and select the correct y= 


answers using the codes given below the lists: 


reversible adiabatic 
process 
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MECHANICAL ENGINEERING 
D. Work donednan 4. PWI- PV C. Constant pressure 3. n = p 
. . n= D. Constant volume 4. n=- -1 
isentropic process C, 
Codes: A B € D 5. n = zero 
(a) 4 1 3 2 Codes: A B C D 
(b) 1 4 2 3 (a) 2 3 5 4 
(c) 4 1 2 3 (b) 2 3 5 1 
(d) 1 2 3 4 (c) 3 2 1 5 
386. Match the curves in Diagram. I with the curves in (d) 2 5 3 E 
Diagram II and select the correct answer. 391. Joule-Thomson coefficient is the ratio of 
Diagram I Diagram II (a) pressure change to temperature change 
(Process on p-V plane) (Process on T-s plane) occurring when a gas undergoes the process of 
adiabatic throttling. 
pl A . 1 2 (b) temperature change to pressure change 


occurring when a gas undergoes the process of 
adiabatic throttling. 


O B 4 (c) temperature change to pressure change 
occurring when a gas undergoes the process of 
. adiabatic compression 
D 5 


(d) pressure change to temperature change 





V S occurring when a gas undergoes the process of 
dakar à B C D adiabatic compression. 
(a) 3 2 A 5 392. Gibb’s free energy ‘G’ is defined as 
(b) 2 3 4 5 (a)G=H -TS (6)G=U-TS 
(c) 9 3 4 1 (c)G=U+pV (d)G=H + TS. 
(d) 1 4 9 3 393. Which one of the following gaseous fuels does not 
have different higher and-lower calorific values ? 
387. A standard vapour is compressed to half its volume (a) Methane (b) Ethane 
without changing its temperature. The result is that: (2) Carbon monoxide (d) Hydrogen 
(a) All the TAPONES condenses to liquid 394. The coefficent of performance of a refrigerator work- 
(b) Some of the liquid evaporates and the pressure ing on a reversed Carnot cycle is 4. The ratio of the 
does not change ee highest absolute temperature to the lowest absolute 
(c) The pressure is double its initial value temperature is 
(d) Some of the vapour condenses and the pressure (a) 1.2 (b) 1.25 
does not change. (c) 3.33 (d) 4 
388. PEA with Keri quantity of air. 395. The polytropic equation is written as pv” = constant. 
i a el ratio by weig i i Value of n for isothermal, isentropic, constant pres- 
a ° sure, and constant volume processes respectively are 
(c) 15 (d) 17.16. given as 


389. A closed thermodynamic system is one in which 


(a)n=1,n=k,n=%n=0 
(a) there is no energy or mass transfer across the 


(6)n=0,n=k,n=0,n=] 





boundary. (c)n=1,n=k,n=0,n=0 
(6) there is no mass transfer, but energy transfer (d)n=~,n=k,n=0,n= 
exists. 396. If a thermodynamic system undergoes an adiabatic 
(c) there is no energy transfer, but mass transfer process, the net amount of work performed by it 
exists. depends 
(d) both energy and mass transfer take place across (a) only on its initial and final state 
re Berea a the mass transfer is (b) on the sequence of intermediate states ot paik 
(c) not on the seque fi i (or 
390. Match List-I (Process) with List-I] (Index n in pV” = path) quence of intermediate states 
const) and select the correct answer using the codes (d) (a) and (c) 
given below the lists : 


ape bite 397. A reversible isothermal process will involve n° 
change of entropy if it takes place at 

A. Adiabatic 1. n = Infinity (a) zero temperature 

Cp (b) infinity temperature 

C, (c) minus zero temperature 

(d) any of the above. 


B. Isothermal 2.n= 
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398. 


399. 


400. 


The zeroth law of thermodynamics deals with 

(a) conversion of heat and work 

(b) reversibility of a process 

(c) transitivity of thermal equilibrium 

(d) introduction of concept of entropy. 

Which of the following is not correct about first law 

of thermodynamics ? 

(a) energy can neither be converted nor destroyed 

(b) in a closed system, energy is conserved 

(c)energy can be converted from one form to 
another, total energy remains unchanged 

(d) complete conversion of thermal energy to work 
is not possible. 

A machine consists of two cycles, topping cycle and 

bottoming cycles, coupled in series. If efficiencies of 

these cycles respectively are 30% and 20%, then over- 

all combined efficiency of machine will be 

(a) 25% (b) 50% 

(c) 30% (d) 44%. 


401. 


402. 





A carnot engine receiving heat at 400 K has an effi- 
ciency of 25%. The COP of a carnot refrigerator, work- 
ing betweeen same temperature limits is 

(a) 2 (b) 3 

(c) 4 (d) 5. 

Which is the correct relationship for adiabatic 
expansion/compression ? 


0.71 2.46 
AE 


1 È To 
1.41 3.46 
b) [n] J2 
P, v Tı 
0.41 0.29 
o2] [B 
1 \V P, 
(d) all of the above. 


| ANSWERS 
1. (d) 2. (d) 3. (d) 4. (a) 5. (a) 
9. (c) 10. (a) 11. (6) 12. (b) 13. (c) 
17. (a) 18. (b) 19. (c) 20. (a) 21. (d) 
25. (c) 26. (c) 27. (d) 28. (a) 29. (b) 
32: (c) 34. (d) 35. (b) 36. (b) 37. (c) 
41. (b) 42. (a) 43. (a) 44, (c) 45. (a) 
49. (b) 50. (d)* 51. (e) 52. (d) 53. (e) 
57. (a)* 58. (c) 59. (b) 60. (e) 61. (a) 
65. (b) 66. (c) 67. (a) 68. (b) 69. (c) 
73. (a) 74. (c) 75. (a) 76. (d) 77. (a) 
81. (c) 82. (c) 83. (b) 84. (a) 85. (a) 
89. (a) 90. (c)* 91. (c) 92. (a) 93. (d) 
97. (d) 98. (c) 99. (e) 100. (a) 101. (a) 
105. (d) 106. (a) 107. (b) 108. (b) 109. (a) 
113. (6)* 114. (e) 115. (d) 116. (a) 117. (c) 
121. (b) 122. (0) 123. (c) 124. (e) 125. (e) 
129. (d) 130. (a) 131. (d) 132. (a) 133. (b) 
137. (a) 138. (c) 139. (c) 140. (e) 141. (c) 
145. (c) 146. (b) 147. (b) 148. (a) 149. (b) 
153. (b) 154. (d) 155. (b) 156. (a) 157. (b) 
161. (d) 162. (d) 163. (e) 164. (d) 165. (b) 
169. (a) 170. (a) 171. (c) 172. (e) 173. (c) 
177. (a) 178. (b) 179. (a)* 180. (c)* 181. (b)* 
185. (a) 186. (d) 187. (c)* 188. (b)* 189. (a) 
193. (c) 194. (b) 195. (c) 196. (b) 197. (a) 
201. (d) 202. (d) 203. (a) 204. (c) 205. (d) 
209. (b) 210. (d) 211. (b) 212. (a) 213. (c) 
217. (c) 218. (b) 219. (d) 220. (c) 221. (d) 
225. (c) 226. (d) 227. (e) 228. (d) 229. (b) 
233. (b) 234. (c) 235. (c) 236. (e) 237. (b) 
241. (c) 242. (a) 243. (c) 244. (c) 245. (a) 
249. (c) 250. (d) 251. (e) 252. (c) 253. (a) 
257. (e) 258. (d) 259. (b) 260. (c) 261. (e) 


*Indicates that explanatory note is given at the end. 


6. (a) 
14. (d) 
22. (a) 
30. (c) 
38. (c) 
46. (b) 
54. (b) 
62. (e) 
70. (a) 
78. (c) 
86. (d) 
94. (b) 

102. (d) 
110. (b) 
118. (c) 
126. (c) 
134. (d) 
142. (d) 
150. (b) 
158. (c) 


166. (b)* 


174. (e) 


182. (a)* 


190. (c) 
198. (c) 
206. (b) 
214. (a) 
222. (c) 
230. (a) 
238. (e) 
246. (c) 
254. (c) 
262. (c) 


7. (b) 
15. (c) 
23. (d) 

-= 31. (c) 
39. (c) 
47. (c) 
55. (d) 
63. (a) 
71. (b) 
79. (e) 
87. (d) 
95. (a) 

103. (e) 
111. (a) 
119. (a) 
127. (b) 
135. (b) 
143. (e) 
151. (a) 
159. (d) 
167. (c) 
175. (d) 
183. (b)* 
191. (b) 
199. (b) 
207. (c) 
215. (b) 
223. (e) 
231. (a) 
239. (a) 
247. (d) 
255. (a) 
263. (a) 





8. (b) 
16. (a) 
24. (d) 
32. (d) 
40. (e) 
48. (b) 
56. (e) 
64. (b) 
72. (b) 
80. (b) 
88. (a) 
96. (d) 

104. (c) 
112. (a)* 
120. (c) 
128. (d) 
136. (b) 
144. (d) 
152. (a) 
160. (c) 
168. (b)* 
176. (c)* 
184. (a) 
192. (b) 
200. (c) 
208. (a) 
216. (b) 
224. (a) 
232. (e) 
240. (e) 
248. (c) 
256. (b) 
264. (b) 
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z OT ` &71. (c) 272 
B85. d) BEB, (e) WET. AN 2S. (a) vet 3. pg Me 279. (b) 280. rn 
SINA MO I5. (e) db bN 286. (0 287. (d) 288. (a) 
WSL. (a) VR. (d YRS. N WSA, (e) BSS. (o) . à A€ T n ‘ a 
an i N 209, (@) 293. (b) IH. (0) nae murs (a) 
VSA, (a) 2an, (o BOL. (ò) uve. le 902. (c) 303. (b) 304. (a) 
WT. (e) 298, (O SVEA 300. (a) SURE) ae 311. (b) 312. (a 
BOA, (eo) SVG, (oO) 807, (@) BUS, (e) SOY, te) Sth. (e) = ys ey (a) 
SU. (a) S, (0 315, (0) S16. a) 317. (e) se sa aor. i sai a 
BNL. (©) gue. D B28. (e) S24. (b) 925. (e) B26. (a) on 2 _ (a) 
SQ, (ò) S80, (a) $31.) 332. (o) S33. (a) enn a "i i 1) 3. nes 
837.) BIS. (b) 839. (a) $40, (e) $41. (d) 342. (d) 0 (€ ) À i (e) 
$43. (a) SAG. (ò) S47. (0) SAS. (e) $49. a) mas (Ch se oe i a 
S38. (a) S54 (a) 833. (0 5G. (k) 357. (b) 358s. (c) os (d) aoe (e) 
$61. @) SEX. (d) $63. @) S64. (e) $65. (a) 366. (0) 367. (a) 368. b) 
SGV. (d) STO., (0) STL. (dd) $T2. (O` $73. (d)* S74. (a) wt (a) ee hay” 
877.) STN. (b° STADS 380. D S81. (a) S82. (d) 883. (c) 384. (c)* 
S85. (0) S86. (ò) $87. @) SSS. (d)* 8 390. (b) 391. (b) 392. (a) 


$98. (e)* 396. (d) 398. (c)* 399. (d) 400. (d)* 


401. (0)* 


S24, (6) 
402. (dì 









No engine can be more efficient than Carnot engine, 


A quantity is said tu be property ofthe system, ifthe | en 2 —_—— 
irrespective of cost and sophistication, S50 it is 


` ` sy* ` x 7 | 
change in its value between two equilibrium states 





of the system is same for all paths, impossible. 
7. Although, in general, work done is a path function - (627 + 273) - (27 + 273) = 
16S. Noo = = 7. 


but in case of adiabatic process, it is dependent only | 
on end state, irrespective of path followed. 


900 
— 50 x 1000 x 60 x 60 











ii hersal = ; 500 x 1000 = 80%. So, impossible. 
=? 2 i 3x75 x 
90. W.D.= [. pav =| -$V + 15) 10° dV 
Wet p 176 Q=AU+W 
sv" ef x -200= au + | dv 
[žav] ve es l 
7 l 4.27 
n or AU =- 200 - 2E x 10t (2-4) 
-[-$e%-Fy-1s@-n] x 10 4.27 
2 | = — 200 + 200 = 0. 
? > ~ | > 3 
=(-4.5 + 15) x 108 = 10.5 x 10° Nm orjoules. ‘79, SQ, _ 1130 _ 5 ,caymtK 
112. PV = MR.T, T, 565 





M = Molecular weight 


SQ 
and MR = 8341 J/kg mol*K = 





| 
il 
to 











600 x 108 x V = 8341 x (273 + 27) y 
iii ya SHl S00 _ 4 17m em | Z = 2, and process will be reversible. 
= — sO thm mol. 
600 x 10° | 50, 
118. According to first law of thermodynamics, | 180. T =2 
Q=AU+ W | l 
or ~300=0+W | and cant Weed 
and W =— 300 kJ =— 300 x 10° Nm. T, 315 
166. For Carnot engine 1 = n- 5 2 = 1, and process is impossible 
Ti 
_ (Q73+227)- (2733+27) _ 200 ox 181. Si =2 
500 500 
Net work and b H5 
f engine of manufacturer = —————— — =— =3. 
— Heat added T, 315 
= 20 x 4500 = 50.3% X =-], and process is irreversible. 


*[ndicates that explanatory note is given at the end. 
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"THERMODYNAMICS AND HEAT TRANSFER 


182. 


183. 


187. 


188. 


292. 


371. 


372. 


373. 


. Here 


_ Work done _ 10kW 
Heat supplied 30, 000 J/s 
_ 9x 10° watt or J/s 
= 22 SY Watt ord/s 
30,000 
Heat rejected = Q — W = 30,000 — 9,000 = 21,000 J/s 


=0.3 or 30%. 


COP Heat to be pumped to higher temp 


Work to be done 


(heat pump) = 


= 60 = 7.5. 
8 
Heat abstracted from room 
W.D. 
W.D. = Heat to be pumped to higher temp. 
— Heat abstracted from hot place 
Heat abstracted from room 60 — 8 = 52 Mcal/hr 


COP refrigeration) 7 


and 


H=U+PV 
= 3.5 x 106 + 0.3 x 106 x 1.5 x 3 
= (3.5 + 0.15) x 10° J = 3.65 MJ 
Enthalpy for 3 kg = 3 x 3.65 = 10.95 MJ. 


At critical point, the latent heat in zero and steam 
generators can operate above this point as in the case 
of once through boilers. 


The density of liquid and its vapour is however same 
and thus statement 2 is wrong. Thus correct choice 


is (d). 

In the case of Carnot cycle ; n = h-hh 
1 

depends only upon temperature limits. Thus A 

matches with 4. 


and thus 


1 
r-i 


l” 

i.e., efficiency depends upon only pressure ratio and 
thus for B, correct choice is 3. These two alone provide 
correct choice as (c). However it may be noted that 
efficiency of Otto cycle depends on volume 
compression ratio and the efficiency of Diesel cycle 
depends upon cut off ratio and compression ratio z.e., 
C matches 2 and D matches 1. 


Two reversible heat engines operate between limits 
of 1600 K and T, and 400 K 
Both have the same heat input and output, 


For Brayton cycle, ņ = 1 — 








Lë T-n is same for both 

Ti 

1600- T} _ T> — 400 

1600 Ñ 
or T, = 800 K. 
T, = 273 + 12 = 285°K 
T, = 273 + 2 = 275°K. 
Heat drawn per cycle = 57 J and no. of cycles per mt. 





= 1080 = —~ = 18 cycles/sec. 


_ 1, -T, _ 285-275 10 
T, 285 285 
work _ work 

~ heat input 57 

10 x 57 
285 


270 
work done per sec. = 286 x 18 J/s 


= 36 Watts. 
Thus (d) is the correct answer. 


Fig. shows the variation of thermal efficiency of three 
cycles with variation in compression ratio. 

Thus for same heat input and same max. pressure it 
will be seen that the order of efficiency is diesel, dual 
Otto. 


i.e., (a) provides right answer. 








or work done per cycle = 


and 





375. 





Compression ratio ——— 


376. Conversion from volumetric to gravimetric is done 
as below : 
% volume Mol. 
weight 
(1) 
CO 10 


Proportional 
weight 
(1) x (2) 


CO 





Their proportion by weight are as per (a). 
Ti-T, _873-293 580 
T, 293 293 
1 kW _ 580 
Least heat rejection 293 


378. Max. efficiency = 


and Least heat rejection = — = 0.505 kW. 


379. n= DA, or 0.25- 400-% 
Tz T, 
or T,+ 0.25T, = 400 
400 
or =— = o 
Tag = 320°K; 
cop=—22_____ 320 _ 320 4 





T, - T, ~ 400-320 80 
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389. 


390. 


393. 


394. 







d law of 


Heat transfer takes place according to secon 
on and 


thermodynamics as it tells about the directi 
amount of heat flow that is possible between two 


reservoirs. 
16 kg of methane (CH,) + 64 kg of O, > 44 kg of CO, 
+ 36 kg of water 


11 
1 kg of methane (CH,) + 4 kg of O, > Fa kg of CO, + 


9 
a kg of water 


Thus O, requirement for burning 1 kg of 
4 kg. Since air contains 23% of oxygen by 


4/0.23 


methane 1s 
weight. 


= 17.16%. 





air/fuel ratio = 


In closed thermodynamic system, there is no mass 

transfer but energy transfer exists. 

Correct choice is : n for adiabatic is C/C, for iso- 

thermal n = 1, for constant pressure n = 0, and for 

constant volume n = Q. 

Since CO does not have hydrogen content, the HCV 

and LCV are same. 

COP of reversed Carnot cycle = a 4, 
R-n Pı 

Ti 








f 


or, {22-1} = 0.25, 2 = 1.25. 
T, T, 


. The equations for isothermal process is pv = constant, 


=1 
For isentropic process, pv* = constant 


Provide a single word/suitable words for following 


statements 


l. 


m g te 


$9 


11. 
12. 


. Aregi 


A quantity of matter of fixed mass and identity which 


is bounded by a closed surface. 

An enclosure which permits thermal interaction. 

An enclosure which prevents thermal interaction. 

A system in which all the measurable variables have 


the same value as they had inside an enclosure after a 


long time, irrespective of the interaction that may have 


taken place. 
on of interest, that is involved in an analysis. 


Any change of state occurring in a system. 

A region in space or control volume or quantity of mat- 
ter upon which attention is focussed for study. 

A change of state which occurs while the system is adia- 


batically enclosed. 
Any observable characteristic of the system. 
process, characterised by the fact 


A type of reversible 
t each instant arbitrarily close to 


that the system is a 
equilibrium. 

A study of the transfer and conversion of energy. 

If a thermodynamic system undergoes an adiabatic 
process, the net amount of work performed by it depends 


PROBLEMS 


397. 


400. 


401. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


MECHANICAL ENGINEER), > 


For constant pressure process, p = constant son, 
and for constant volume process <Q 
v = constant, which is possible when n = o, 
According to third law of thermodynamic 
reversible isothermal process which takes oi 
temperature zero, infinity, or minus zero eR at 
no change of entropy. It tells us something about he 
behaviour of systems at three special tempera aes 
referred to as singular temperatures. es, 
According to zeroth law of thermodynamics, if 4 i 


in thermal equilibrium with B, and B is in thermal 


equilibrium with C, then A is in thermal equilibrium 
with C. 


n of topping cycle = Qı -Q2 = 0.3 
Qı 

Qə 

ae Oe 
or Q, 0 
n of bottoming cycle = Q -Q3 = 0.2 

Q2 
or Qs = 0.8 
2 
= Q. 

Combined n = noe =1- Q 


= 1 — 0.7 x 0.8 = 0.44 
Tp Tp 
1- T, = 0.25, or T, = 0.75 
or T,= 400 x 0.75 = 300°K 
To 300 
COP = (7, — p) = (400-300) ~” 









only on its initial and final states, and not on the 


sequence of intermediate state or path. 

Depends solely upon the state of the system and not 
upon how that state was reached. 

Achange in the state of a system which occurs without 


any work being done. 

It is impossible to construct a device which, working in 
a complete cycle, will produce no other effect than the 
transfer of a quantity of heat from a cooler to a hotter 


body. 
Two states of two systems characterised by an absence 
of heat flow even when there is no adiabatic wal 


between them. 
The loci of points corresponding to states of the same 
temperature. 

e initial and 


A system going through some process whos 

final states are the same. 
A system which exchanges heat and work with it 
surroundings while operating in a cyclic process. 

A hypothetical machine whose operation would violate 
the laws of thermodynamics. 

A property of the system dependent on the mass of the 


system. 
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92. A cycle consisting of two pieces of i 
23. 
24. 
25. 
26. 
27. 


28. 


29. 
30. 
31. 
32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


. . sotherms joi 
two pieces of reversible adiabatics. S Joined by 


A property of a system whose value does 
upon the mass of the system. not depend 


A system in which energy may cross its boundaries 
but not the mass. ? 


A system envelope which permits both mass and energy 
to cross its boundaries. 


A thermodynamic system which is not influenced by 
the surrounding. 


An open system in which the rate of passage of mass 
and energy does not change with time. 

A process in which no heat transfer takes place between 
the surroundings and the system but work transfer 
takes place. 

A process in which fluid expands without doing any 
work. 

A system in mechanical, thermal and chemical equilib- 
rium. 

A series of states through which a thermodynamic 
system passes. 

A process in which all thermodynamic properties are 
the same at the start and at the end of the process. 

A process carried out such that at every instant the 
system departs only infinitesimally from the 
thermodynamic equilibrium state. 

If two systems are both in thermal equilibrium with a 
third system, they are in thermal equilibrium with each 
other. 

In thermodynamics, it is defined as the sole effect 
external to the system that can be reduced to the rise 
of a weight. 

The product of the characteristic gas constant and the 
molecular weight of an ideal gas. 

The molecular weights of all the perfect gases occupy 
the same volume under the same conditions of pres- 
sure and temperature. 

A property of a system, the change in whose value is 
the algebraic sum of the heat supply and the work done 
during any change in state. 

Change of state taking place without any heat transfer. 


40. In anisolated system, the energy of the system remains 
constant. 

41. A machine that will give continuous work without 
receiving any energy from other system or 
surroundings. 

42. A process in which the heat transfer is equal to change 
in enthalpy. 

1. system 2. diathermic a, 
5. system 6. process 7. 
9. property 10. quasistatic 11. 

13. property 14. free motion 15. 

17. isotherms 18. cycle 19. 

20. perpetual-motion machine 21. 

23. intensive property 24. closed 25. 

27. steady flow 28. adiabatic process 29. 





43. The pressure value product is a constant for a perfect 
gas. 


44. In a process following pv” = C, if n = 0, 1 and = means 
the process is essnee 


45. The work done in constant volume process is 


4G. AS pEr sicsidicicacaseese , heat transfer in a process is equal 
to work transfer. 


47. Internal energy of an ideal gas is a function of 


CO OPA NEA 

i EA cycle provides concept of maximising 
work output between two temperature limits. 

50. Carnot cycle is independent of ............:eeeeeee = 


51. All reversible engines operating between two fixed tem- 
peratures have ........... efficiency. 


52. A Carnot cycle operating between temperature limits 
of 800°K and 400°K will have efficiency of 50% when 
the working substance is ........... 


53. If a system in a given state undergoes a reversible pro- 
cess till its state is in thermodynamic equilibrium with 
the surrounding, then work done by the system is maxi- 
mum. 


54. Because of the diverging nature of constant pressure 
lines, the value of reheat factor is ............ 


55. The quantity H-TS is termed as ................cccseeeeees 
56. The quantity U-TS is termed as ...................:eeeeeeeees 
57. Each unique condition of the system. 


58. Homogeneous composition of the matter in a particu- 
lar state. 


59. A series of processes that begin and end at the same 
state of working fluid. 


60. On which scales absolute zero is — 273 and — 460. 


61. On which scale the boiling point of water is 373.16 and 
672. 


62. A device that transfers heat from a body at a lower 
temperature to a body at higher temperature. 


63. Friction, throttling, heat flow, mixing of different fluids 
areexamplesof_ si 


64. In process, system tends to approach the state 
of equilibrium with its surroundings. 


65. All spontaneous processes are 





adiabatic 4. equilibrium state 
thermodynamic system 8. adiabatic process 
thermodynamics 12. first law of thermodynamics 


Clausius statement 16. thermal equilibrium 
thermodynamic machine 


extensive property 22. Carnot cycle 
open 26. isolated system 
throttling 30. thermodynamic equilibrium 
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path $2. cyclic process 33. quasi-static process 34. zeroth law of thermodynam; m | 





. work 36. universal gas constant 37. Avogadro’s hypothesis 38. internal energy 
. adiabatically 40. law of conservation of energy 41. perpetual motion machine 
. isobaric process 43. isothermal process 44. constant pressure, constant volume, and constant temperature 
. Zero 46. Joule 47. temperature 48. C, 
. Carnot 50. working substance 51. same 52. any 
. Availability of system 54. greater than 1 55. Gibbs function 56. Helmholtz function 
. State 58. phase 59. thermodynamic cycle 60. Celsius and Fahrenheit. 
61. Kelvin and Rankine 62. heat pump 63. irreversibility 64, Spontaneous 


65. irreversible 
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HEAT TRANSFER 
Heat transfer may occur by conduction, convection and k, ky k 
radiation. For heat transfer to take place, temperature T, 


difference must exist. (This iS as per second law of 
thermodynamics). Conduction heat transfer takes place by 
molecular energy interchanges or by flow of valence electrons 
in conducting medium. Convection heat transfer takes place Th 
by motion of a fluid. If the convection is induced by density 
difference resulting from temperature differences within the 
fluid, it is known as natural convection. However, if fluid 
motion is aided by a pump or fan, then the process is called 
forced convection. Radiation heat transfer does not depend 
on any material medium, but takes place by means of 
electromagnetic waves which are propagated at a velocity 
comparable to that of light. In actual practice, heat transfer 
takes place by a combination of modes operating in series or 
parallel. Fig. 2.14 


In heat transfer by conduction, heat flow dQ through 
an area dA in a plane normal to the direction of heat transfer 
in time dt is given by 

do-t E ee 
dx dx 


(Fourier’s law of conduction) 


dT o 
where, T = temperature gradient in plane of heat transfer 








and k = thermal conductivity, which depends on the 
state of the substance (solid, liquid or gas), and 
for a given state it varies somewhat with Fig. 2.15 
temperature (units of k are kcal/m hr °C) and In case of thick spherical shell 
rate of heat transfer i 
RA(T; - Tp) 
_ RAAT ae ir 
q= e 2 md] 


, , where A = means area of heat transfer = ATr ro 
where, Ax = length of heat flow path or thickness of material. i 
Heat exchangers. These could be of direct contact 


Thermal diffusivity, property of the substance is | type, regenerative or storage type, recuperative or transfer 


type. 
defined a P 
p Convection heat transfer rate 
In case of laminated flat wall, shown in Fig. 2.14. k 
q= Ay AAT 
A(T, - Ty) , 
gen ee A where, AT = temperature difference between main stream 
“1 42 4 — 3 inside tube and the wall surf: 
3 ko i inside tube and the wall surface. 
In case of homogeneous tube wall, (Fig. 2.15). = = h, = film coefficient. 
2n LR(T; — To) 
=, 
log fo. 
r: 


L 
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The value of h, depends on the physical properties 
and the velocity of fluid, shape of wall, whether flow is vertical 
or horizontal, and several other factors. 





1 

nA is equivalent of the thermal resistance of the film 
Cc 

heat transfer process. 


af 
h 


Heat transfer by convection in a fluid could be by the 
mixing of one part of the fluid with another; the motion of 
the fluid could by differences in density due to temperature 
differences (natural convection or free convection) or by 
mechanical means like pumping (forced convection). 

Heat transfer by convection involves plotting curves 
using dimensionless groups like Reynold’s number 


D 
Re = ( \ Nusselt number Nu = =, 


Critical radius of insulation on a pipe Ter 


Prandtl number 





Nu 


C 
pr - Stanton number St = PTE = ReP 
pv ePr 


, and Grashof 





Pr 








number Gr = Bap” D o 
where, 
p = fluid density 
u = fluid viscosity 
k = fluid conductivity 
C_ = fluid specific heat 
B = fluid coefficient of cubical expansion 
v = fluid velocity 
g= acceleration due to gravity 
D = characteristic dimension 
h = heat transfer coefficient 
9 = fluid temperature difference 
In natural convection from horizontal pipe, Fig. 


2.16 (a) 
hD 


— — 
— 


Nusselt number Nu 


Nu = 0.47 (PrGr)*° for PrGr = 10° to 108 
Nu = 0.10(PrGr)°-*? for PrGr > 108 
Approximate heat transfer coefficient: 


g \0-25 
h = 1.32 (+) 


h = 1.25 0%33 for Gr = 10° to 107” 
where, 6 = temperature difference between cylinder and fluid 
d = diameter of cylinder 
In case of natural convection from a vertical plate or 
cylinder [F ig. 2.16 (b) and (c) respectively] 
Nu = 0.56(GrPr)°> for PrGr = 105 to 10° 
Nu = 0.12 (GrPr)°*? for PrGr > 10° 
Approximately: 


for Gr = 10% to 10° 


g \0-25 
h = 1.42 (2) for Gr = 104 to 10° 


h = 1.310°33 for Gr = 10° to 10!” 


( KIRE 
ae 
tif WV 


Fig. 2.16. Natural convection. 


In case of horizontal plate facing upwards, (Fig. 


2.16 (d)) 
a+b 
2 
Nu = 0.54(GrPr)°?° for GrPr = 10° to 108 


Nu = 0.14 (GrPr)°?? for GrPr > 108 





Characteristic dimension Ds 


In forced convection, 


(a) Laminar flow in pipe (Fig. 2. J7) 
Nu = 3.65 and h = 3.65 5 


Fig. 2.17 


(b) Turbulent flow over cylinder (Fig. 2.1 8) 
Generally: Nu = 0.26 Re®6 Pr®3 
For gases: Nu = 0.24 Re?-6 





Fig. 2.18 


(c) Turbulent flow over banks of pipes (Fig. 2.19) 


Generally: Nu = 0.33 C, Re®-6 Pr?’ 
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In-line pipes 


tk $ 


ee 


Staggered pipes 
Fig. 2.19 


For gases: Nu = 0.30 C, Re®® 

In-line pipes: C, = 1.0 

Staggered pipes: C, = 1.1 

(d) Turbulent flow over flat plate (Fig. 2.20) 

Let: 

L = the distance from the leading edge over which heat 
is transferred 


C = fluid velocity 
For a small temperature difference 
Nu = 0.332Re®> Pr®-33 


oN 
N | 


—— L — 
Fig. 2.20 


For a large temperature difference 


0.177 
Nu = 0.332Re°5Pr°-33 Ze 
T. 


where, T,= plate temperature, 
T,= mean fluid temperature. 
(e) Turbulent flow in pipe 





H , kNu 
eat transfer coefficient h = q 
Nu = 0.0243 Re®8 pr?-4 = 0.02 Re®® for gases 


In case of forced convection heat transfer 


i 0.4 
h pvD = E 
h,= 0.02 =| — | I1 
e D p k 
Where, V = 


= fluid velocity, 
P = density, 


inside dia. of tube 





C, = gpecific heat capacity, 
k = thermal conductivity 
H = viscosity of fluid, and D = 







Steam film 
(film coeff. = hcs) 


Gas film rs Yj 


(film coeff. = h,') 


Fig. 2.21. Heat transfer by convection and conduction 
through a flat homogeneous wall. 














Pe = Reynolds number 
h.D 
z = Nusselt number, 

C 

=e = Prandtl number. 
or 2 -r| 2E phe p,D | 

UL 

or Nu = f(Pr, Re) 


The above equation for h, is applicable for longitudinal 
flow outside of tube and cannot be used for flow normal to 
tubes. 


For free convection transfer 


zde] 


273 
1*9 
where, z ~ is known as Grashoff number. 
u 








Hot medium 
IN 
Cold medium 
OUT Hot medium 
OUT 
Cold medium 
IN 
AT, AT, 
A Counter flow B 


Fig. 2.22 
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Hot medium 
IN 
AT, 
Hot medium 
OUT 
Cold medium 
OUT 
Cold medium 
IN 
AT, 
A Parallel flow B 
Fig. 2.23. HMI-Hot Medium In, CMI-Cold Medium In, 
HMO-Hot Medium Out, CMO-Cold Medium Out. 
Thus 


Nu = f(Pr, Gr) 
In case of heat tra 


l nsfer by convection and c 
(Fig. 2.21) overall coeffi 


onduction, 
cient of heat transfer 








1 
Y= Te 
hg h h 


cS 
In case of heat exchan 


gers, heat flow g = UA ( LMTD) 
where, LMTD = Long mean 


temperature difference 


AT, 
(Refer Fig. 2.22 and 2.23 for AT, and AT] 
Heat transfer from fins 


The heat flow de 


pends on the rate of condy 
the fin and on the surf 


ction along 


ace heat-transfer coefficient. 
Fin of constant cross-section with insulated tip 
(Fig. 2.24) 


Heat flow from fin, g = RA(t, — t) m tanh mL 


where, m= a 
kA 


L = fin length, 
A = fin cross-sectional area, 
P = perimeter of fin, 
k = conductivity, 
h = surface heat-transfer coefficient, 
t, = air temperature, 
r = fin root temperature 


' S, 
L — 
Fig. 2.24 


Fin efficiency n= Heat flow from fin 





MECHANICAL ENGINEER, | 


tanh mL 
Efficiency 1 = mL 
Temperature profile along fin: 


Temperature is distance x from root 
t, =t, + (t,-t,) cosh mL ~ x) 


cosh mL 
In case of fins on a circular Pipe with Constan 


, a. E 
thickness (Fig. 2.25); Efficiency n hA,(t, ~ ta) 


where, A. = surface area = Ure =r?) + 2nr at. 





r4 
— r — 
Constant thickness 


Fig. 2.25 
Interchange factor 


f takes into account the shape, size 
and relative positions of b 


odies. For (a) large parallel planes 
f = €129 
ey + ep = €129 





(Refer Fig. 2.26 (a)) 
where, e = emissivity of radiating body (= 1 for black body) 
e = emissivity of surroundings 


e = emissivity of intermediate wal] 


e, e, 
N 
X e2 
N 
N 
= c 
vq e, 
* 
wN 
N 

(a) (b) 
Fig. 2.26 (a, b) 


(6) For small body enclosed by another body: 
(Fig. 2.26 (b)) f= e,- Concentric spheres and concentric infinité 
cylinders; 


(c) For large bod 


y (1) enclosed by body (2), and 
concentic spheres and co 


ncentric infinite cylinders, 


€129 


f= 





e +4 


Ay (e; = ejes) 


(d) For parallel disks of different or same diameter: 
Heat flow if fin all at t, f =e e, 
ee (e) For parallel surfaces with intermediate wall (Fig. 2.26 
hPLít, — t,) 7 ee 
If fin has constant cross-section and is insulated at | (c)), for side 1: f errr sce 1 , for side 2: f, = erecti 
e; +e- ee 
the end: 
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4 
Wall temperature: T = 4 ATi + RT? 
fith 


md, 4 =f, 0AT Å - T’) = f, CAIT - T, 4), 
T, T T, 
Intermediate 
wall 
X q 
e, e €> 
(c) 


Fig. 2.26 (c) 
Weat radiated taking f and F into account is 
q=fF oA, (T,* -T,') 


The geometric factor F takes into account the fact that 


not all radiation reaches the second body. 
For cases (a), (b) and (c) above, F = 1. 


For case (d) with disks of radii r} and r, a distance x 


apart: 


ý (x? + rÈ +r) - ya? + re + ro- Ari 


ar? 


Radiation is the process by which energy is 
continually emitted in the form of electromagnetic waves from 
the surfaces of all bodies. The rate of heat radiated from a 


given area is q = e0AT* (T = absolute temperature of the 


body, A = its area, £ = factor depending on kind of surface 
and on temperature and o = constant independent of both 


surface and temperature). The waves incident upon the 


surface of a body may be partly absorbed, partly reflected 


and partly transmitted through the substance. If Q, is total 
incident radiation, then Q; = 9, + Q, + Q, where Q, Q, and 
Q, are radiation energies absorbed, reflected, and transmitted 
respectively. 


Qn & 4 & =1 że., 

Q; Q Q 
Thus the sum of the absorptivity ©, reflectivity p, and 
transmissibility t, of a substance is unity. 

A substance is black body, i.e., all radiation absorbed, 
ifa=1,p=0,7=0. 

A substance is opaque to radiation (transmits no 
radiation) if t is zero. 
and 


or at+p+t=l 


a+p=l1 

A substance is transparent to radiation i.e. all 
radiation transmitted if t is unity and p = 0,a=0. 

A substance is ideal reflector (highly polished surface) 
or white body if a = 0, p = 1,7=0. 

A substance is ideal absorber if a = 1 

A substance is ideal radiator ifa = 1, and p and t=0. 

Fig. 2.27 shows the nature of monochromic emissive 
power E, (rate at which energy is radiated at a wavelength 
À, per unit of area surface). 











| i atl 


Fig. 2.27. Energy distribution of ideal reflector. 


In Fig. 2.27, T, > T,, from which it will be noted that 
at higher temperatures the distribution of energy is largely 
in the range of shorter waves, and maximum value of E, 
increases with increasing temperature. 


Emissivity (£) is defined as the ratio of the total 
emissive power of a body to the total emissive power of a 
black body. 


According to Kirchhoffs radiation law, a good radiator 
is also a good absorber. It states that the total emissive power 
for any body at a given temperature is equal to its absorptivity 
multiplied by the total emissive power of a perfect black body 
at the same temperature. 

For maximum emissive power, the value of wavelength 
is given by Wien’s law, according to which Anas x T = 
constant. 

A body is said to be grey body if the ratio of emission 
of a body to that of the black body at a given temperature is 
constant for all wavelengths. 


Planck’s Law 

All substances emit radiation, the quantity and quality 
of which depends upon the absolute temperature and the 
properties of the material, composing the radiating body. The 
Planck’s equation, which gives the distribution of energy 
versus wavelength for a black body, is 


where, A = wavelength in metres, 

T = absolute temperature in °K, 
C, = constant having value 3.74 x 10°, 
C, = constant having value 1.4385 x 107 and 

W = spectral emittance in watts/metre’ millimicron. 
According to Stefan-Boltzmann law, ideal radiators 
emit radiant energy at a rate proportional to the fourth power 
of the absolute temperature : and accordingly the net rate of 
exchange of energy between two ideal radiators A and B is 
q = o(T4 — T$) (Area) 
where, o = Stefan-Boltzmann constant = 5.672 x 10°? watt/ 

cm? °K‘. 

For non-ideal radiators, the geometry and position of 
radiating bodies, and the presence of absorbing media 
between the two bodies must also be considered and suitable 


factors used for these. 
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1. Unit of thermal conductivity in M.K:S. units is 
(a) kcal/kg m?°C (b) keal-m/hr m?°C 
(c) keal/hr m?°C (d) kcal-m/hr°C 
(e) kcal-m/m?°C. 


2. Unit of thermal conductivity in S.I. units is 


(a) J/m? sec (b) J/m °K sec 
(c) W/m °K (d) (a) and (c) above 
(e) (b) and (c) above. 


3. Thermal conductivity of solid metals with rise in tem- 
perature normally 
(a) increases (b) decreases 

(c) remains constant 


(d) may increase or decrease depending on temp- 
erature 


(e) unpredictable. 


4. Thermal conductivity of non-metallic amorphous 


solids with decrease in temperature 
(a) increases (b) decreases 
(c) remains constant 


(d) may increase or decrease depending on temp- 
erature 


(e) unpredictable. 
5. Heat transfer takes place as per 
(a) zeroth law of thermodynamics 
(b) first law of thermodynamic 
(c) second law of the thermodynamics 
(d) Kirchoffs law 
(e) Stefan’s law. 


6. When heat is transferred from one particle of hot 
body to another by actual motion of the heated par- 
ticles, it is referred to as heat transfer by 
(a) conduction (b) convection 

(c) radiation 

(d) conduction and convection 

(e) convection and radiation. 


7. When heat is transferred form hot body to cold body, 
in a straight line, without affecting the intervening 
medium, it is referred to as heat transfer by 


(a) conduction (b) convection 
(c) radiation 
(d) conduction and convection 
(e) convection and radiation. 
8. Sensible heat is the heat required to 
(a) change vapour into liquid 
(b) change liquid into vapour 
(c) increase the temperature of a liquid or vapour 
(d) convert water into steam and superheat it 


(e) convert saturated steam into dry steam. 
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9, The insulatio 


10. 


11. 


12. 


13. 
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UESTIONS 


n ability of an insulator with the preg. 


ence of moisture would 


(a) increase (b) decrease 


(c) remain unaffected 

(d) may increase/decrease depending on tem. 
perature and thickness of insulation 

(e) none of the above. 

When heat is transferred by molecular collision, it 

is referred to as heat transfer by 

(b) convection 


(d) scattering 


(a) conduction 
(c) radiation 
(e) convection and radiation. 

Heat transfer in liquid and gases takes place by 


(a) conduction (b) convection 


(c) radiation 

(d) conduction and convection 

(e) convection and radiation. 

Which of the following is the case of heat transfer by 
radiation ? 

(a) blast furnace (b) heating of building 
(c) cooling of parts in furnace 

(d) heat received by a person from fireplace 

(e) all of the above. 

Heat is closely related with 

(a) liquids (b) energy 
(c) temperature (d) entropy 


(e) enthalpy. 


. Pick up the wrong case. Heat flowing from one side 


to other depends directly on 
(a) face area (b) time 
(c) thickness 

(d) temperature difference 


(e) thermal conductivity. 


Metals are good conductors of heat because 
(a) their atoms collide frequently 

(6) their atoms are relatively far apart 

(c) they contain free electrons 

(d) they have high density 

(e) all of the above. 


Which of the following is a case of steady state hea! 
transfer ? 


(a) I.C. engine (b) air preheaters 

(c) heating of building in winter 

(d) all of the above 

(e) none of the above. 

Total heat is the heat required to 

(a) change vapour into liquid 

(b) change liquid into vapour 

(c) increase the temperature of a liquid or vapou! 


d 
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(d) convert water into steam and superheat it 
(e) convert saturated steam into dry steam. 
Cork is a good insulator because it has 

(a) free electrons 

(b) atoms colliding frequency 

(c) low density 

(d) porous body 

(e) all of the above. 


Thermal conductivity of water in general with rise 

in temperature 

(a) increases (b) decreases 

(c) remains constant 

(7) may increase or decrease depending on tem- 
perature 


(e) none of the above. 


Thermal conductivity of water at 20°C is of the order 
of 

(a) 0.1 (b) 0.23 

(c) 0.42 (d) 0.51 

(e) 0.64. 

Temperature of steam at around 540°C can be mea- 


sured by 


(a) thermometer (6) radiation pyrometer 


(c) thermistor (d) thermocouple 

(e) thermopile. 

Thermal conductivity of air at room temperature in 
kceal/m hr°C is of the order of 


(a) 0.002 (6) 0.02 

(c) 0.01 (d) 0.1 

(e) 0.5. 

The time constant of a thermocouple is 


(a) the time taken to attain the final temperature to 
be measured 


(b) the time taken to attain 50% of the value of 
initial temperature difference 


(c) the time taken to attain 63.2% of the value of 
initial temperature difference 


(d) determined by the time taken to reach 100°C 
from 0°C 

(e) none of the above. 

Thermal conductivity of air with rise in temperature 

(a) increases (b) decreases 

(c) remains constant 


(d) may increase or decrease depending on temp- 
erature 


(e) none of the above. 

Heat flows from one body to other when they have 
(a) different heat contents 

(b) different specific heat 

(c) different atomic structure 


26. 


27. 


28. 


29. 


30. 


31. 


32. 





(d) different temperatures 
(e) none of the above. 


The concept of overall coefficient of heat transfer is 
used in heat transfer problems of 


(b) convection 
(d) all the three combined 
(e) conduction and convection. 


(a) conduction 
(c) radiation 


In heat transfer, conductance equals conductivity 
(kcal/hr/sqm/°C/cm) divided by 


(a) hr (time) 
(c) °C (temperature) 
(e) kcal (heat). 


The amount of heat flow through a body by conduc- 
tion is 


(b) sqm (area) 
(d) cm (thickness) 


(a) directly proportional to the surface area of the 
body 


(b) directly proportional to the temperature 
difference on the two faces of the body 


(c) dependent upon the material of the body 


(d) inversely proportional to the thickness of the 
body 


(e) all of the above. 


Which of the following has least value of conducti- 
vity ? 
(a) glass (6) water 
(c) plastic (d) rubber 

(e) air. 

Which of the following is expected to have highest 
thermal conductivity ? 


(a) steam (6) solid ice 


(c) melting ice (d) water 

(e) boiling water. 

Thermal conductivity of glass-wool varies from 
sample to sample because of variation in 

(a) composition (b) density 

(c) porosity (d) structure 
(e) all of the above. 


Thermal conductivity of a material may be defined 
as the 


(a) quantity of heat flowing in one second through 
1 cm? of material when opposite faces are 
maintained at a temperature difference of 1°C 


(b) quantity of heat flowing in one second through a 
slab of the material of area 1 cm?, thickness 1 cm 
when its faces differ in temperature by 1°C 


(c) heat conducted in unit time across unit area 
through unit thickness when a temperature 
difference of unity is maintained between 
opposite faces 


(d) all of the above 
(e) none of the above. 
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33. Which of the following has maximum value of ther- 
mal conductivity ? 


(a) aluminium (b) steel 
(c) brass (d) copper 
(e) lead. 


34. Moisture would find its way into insulation by vapour 
pressure unless it is prevented by 


(a) high thickness of insulation 
(6) high vapour pressure 
(c) less thermal conductivity insulator 


(d) a vapour seal 
(e) all of the above. 
35. Heat is transferred by all three modes of transfer, 
viz, conduction, convection and radiation in 
(a) electric heater (b) steam condenser 
(c) melting of ice 
(d) refrigerator condenser coils 
(e) boiler. 
36. According to Prevost theory of heat exchange 
(a)it is impossible to transfer heat from low 
temperature source to high temperature source 
(b) heat transfer by radiation requires no medium 
(c) all bodies above absolute zero emit radiation 
(d) heat transfer in most of the cases takes place by 
combination of conduction, convection and 
radiation 
(e)rate of heat transfer depends on thermal 
conductivity and temperature difference. 
37. The ratio of heat flow Q,/Q, from two walls of same 
thickness having their thermal conductivities as 
K, = 2K, will be 


(a) 1 (b) 0.5 
(c) 2 (d) 0.25 
(e) 4. 

38. Heat transfer by radiation mainly depends upon 
(a) its temperature (b) nature of the body 
(c) kind and extent of its surface 
(d) all of the above (e) none of the above. 


39. Thermal diffusivity is 

(a) a dimensionless parameter 
(b) function of temperature 
(c) used as mathematical model 
(d) a physical property of the material 
(e) useful in case of heat transfer by radiation. 

40. Thermal diffusivity of a substance is 
(a) proportional of thermal conductivity (k) 
(b) inversely proportional to k 
(c) proportional to (k)? 
(d) inversely proportional to k? 
(e) none of the above. 

41. Unit of thermal diffusivity is 


(a) m*/hr (b) m?hr’ C 
(c) keal/m? hr (d) kcal/m.hr°C 
(e) kcal/m? hr °C. 
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An electric furnace has a laminated wall composed 


of 0.2 m of refractory brick (k = 2), 0.15 m of insula- 
tion (k = 0.15), and 0.15 m of brick having (Å = 1.5), 
Inner and outer temperatures of wall are 1027°C and 
27°C respectively. Units of k are kcal-m/hr m? °C, If 
surface area of the wall is 1.2 m?, heat transfer rate 
will be 

(a) 10 kcal/hr (b) 100 kcal/hr 

(c) 1000 keal/hr (d) 10,000 kcal/hr 

(e) none of the above. 

Thermal conductivity of wood depends on 

(a) moisture (b) density 

(c) temperature (d) all of the above 

(e) none of the above. 


. In convection heat transfer from hot flue gases to 


water tube, even though flow may be turbulent, a 
laminar flow region (boundary layer of film) exists 
close to the tube. The heat transfer through this film 


takes place by 

(a) convection (b) radiation 

(c) conduction 

(d) both convection and conduction 

(e) none of the above. 

Film coefficient is defined as 

(a) Inside diameter of tube 

Equivalent thickness of film 
Thermal conductivity 

Equivalent thickness of film 

Specific heat x Viscocity E 


(b) 


te) Thermal conductivity 


Molecular diffusivity of momentum 
Thermal diffusivity 
(d) Film coefficient x Inside diameter 
Thermal conductivity 

(e) none of the above. 
Heat conducted through unit area and unit thick face 
per unit time when temperature difference between 
opposite faces is unity, is called 
(a) thermal resistance (b) thermal coefficient 
(c) temperature gradient (d) thermal conductivity 
(e) heat-transfer. 


In the heat flow equation Q = RA(t — t2) to) 
x 


, the term 


x. 
— is known as 
kA 


(a) thermal resistance (b) thermal coefficient 


(c) temperature gradient (d) thermal conductivity 
(e) heat-transfer. 


In the heat flow equation Q = RAG, =t) , the ter™ 
x 


t-t 





is known as 


(a) thermal resistance (b) thermal coefficient 


(c) temperature gradient (d) thermal conductivity 
(e) heat-transfer. 
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The rate of energy emission from unit surface area 


through unit solid angle, along a normal to the sur- 
face, is known as 


(a) emissivity 

(c) reflectivity 

(e) absorptivity. 

Emissivity of a white poli j : 

=e ede eae Me polished body in comparison 

(a) higher 

(c) same 

(d) depends upon the shape of body 

(e) none of the above. 

A grey body is one whose absorptivity 

(a) varies with temperature 

(6) varies with wavelength of the incident ray 

(c) is equal to its emissivity 

(d) does not vary with temperature and wavelength 
of the incident ray 

(e) none of the above. 

Eckert number is expressed by 


(Velocity of fluid)” 
(Specific heat at constant pressure 
x temperature) 


(Specific heat at constant pressure 
x Coefficient of viscocity) 


(b) transmissivity 
(d) intensity of radiation 


(b) lower 


(b) 


Thermal conductivity 

(Coefficient of heat transfer 

(c) x Linear dimension) 
Thermal conductivity 


Density x Velocity x Linear dimension 


(d 
Coefficient of absolute viscosity 


(e) none of the above. 

Two balls of same material and finish have their 
diameters in the ratio of 2 : 1 and both are heated to 
same temperature and allowed to cool by radiation. 
Rate of cooling by big ball as compared to smaller 
one will be in the ratio of 


(a)1:1 (6) 2:1 
(c)1:2 (d)4:1 
(e) 1:4. 


Grashoff number is expressed by 
Inside diameter of tube 
ý Equivalent thickness of film 
Thermal conductivity 
Equivalent thickness of film 
Specific heat x Viscocity p 
Thermal conductivity 
Molecular diffusivity of momentum 
Thermal diffusivity 
Film coefficient x Inside diameter 
Thermal conductivity 
Inertia force x Buoyant force 
Viscous force 


(b) 


(c) 


(d) 


(e) 


55. A non-dimensional number generally associated with 


natural convection heat transfer is 


56. 


57. 


58. 


59. 


60. 


61. 





(b) Nusselt number 
(d) Prandtl number 


(a) Grashoff number 
(c) Weber number 
(e) Reynold number. 
LMTD in case of counter flow heat exchanger as com- 
pared to parallel flow heat exchanger is 
(a) higher (b) lower 
(c) same 
(d) depends on the area of heat exchanger 
(e) depends on temperature conditions. 
In heat exchangers, degree of approach is defined as 
the difference between temperatures of 
(a) cold water inlet and outlet 
(b) hot medium inlet and outlet 
(c) hot medium outlet and cold water inlet 
(d) hot medium outlet and cold water outlet 
(e) none of the above. 
In counter flow heat exchangers 
(a) both the fluids at inlet (of heat exchanger where 

hot fluid enters) are in their coldest state 
(b) both the fluids at inlet are in their hottest state 
(c) both the fluids at exit are in their hottest state 
(d) one fluid is in hottest state and other in coldest 

state at inlet 
(e) any combination is possible depending on design 

of heat exchanger. 
A steam pipe is to be insulated by two insulating 
materials put over each other. For best results 
(a) better insulation should be put over pipe and 

better one over it 
(b) inferior insulation should be put over pipe and 

better one over it 
(c) both may be put in any order 
(d) whether to put inferior on over pipe or the better 

one would depend on steam temperature 
(e) unpredictable. 
Nusselt number is expressed by 

Inside diameter of tube 
Equivalent thickness of film 
b) Thermal conductivity 
Equivalent thickness of film 
Specific heat x Viscocity 

Thermal conductivity 
Molecular diffusivity of momentum 
Thermal diffusivity 
Coefficient of heat transfer x Inside diameter 
Thermal conductivity 
(e) none of the above. 
Fourier’s law of heat conduction is valid for 
(a) one dimensional cases only 
(b) two dimensional cases only 
(c) three dimensional cases only 
(d) regular surfaces having non-uniform temp- 
erature gradients 

(e) irregular surfaces. 


(c) 


(d) 
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According of Kirchhoffs law, 


(a) radiant heat is proportional to fourth power of 
absolute temperature 
(6) emissive power depends on temperature 


(c) emissive power and absorptivity are constant for 
all bodies 


(d) ratio of emissive power to absorptive power is 
maximum for perfectly black body 
(e) ratio of emissive power to absorptive power for 
all bodies is same and is equal to the emissive 
power of a perfectly black body. 
3. All radiations in a black body are 
(a) reflected 


(b) refracted 
(c) transmitted 


(d) absorbed 
(e) partly reflected and partly absorbed. 
54. According to Kirchoff’s law, the ratio of emissive 


power to absorptivity for all bodies i 
eMissive power of a 


(a) grey body 
(b) brilliant white polished body 
(c) red hot body (d) black body 
(e) none of the above. 

65. The concept of overall coe 


used in case of heat trans 
(a) conduction 


(c) radiation 

(d) conduction and convection 

(e) convection and radiation. 
66. The unit of overall coeffici 


S equal to the 


fficient of heat transfer is 
fer by 


(6) convection 


ent of heat transfer is 
(a) kcal/m2 (b) kcalV/hr°C 
(c) kcal/m? hr°c (d) keal/m hr°C 
(e) kcal/m? hr°C. 
67. The heat transfer equation Q = GAT“ is known as 
(a) Fourier equation (b) Laplace’s equation 
(c) Poisson equation 


(d) general heat transfer equation 

(e) Stefan-Boltzmann equation. 
68. Joule sec is the unit of 

(a) universal gas constant 

(b) kinematic viscosity 

(c) thermal conductivity 

(d) Planck’s constant (e) none of the above. 
69. The value of Prandtl number for 


air is about 
(a) 0.1 (b) 0.3 
(c) 0.7 (d) 1.7 
(e ) 10.5. 


70. The value of the wavelength for maxi 
power is given by 
(a) Wien’s law 
(c) Stefan’s law 
(e) Kirchhoffs law. 
71. Prandtl number is expressed by 
Inside diameter of tube 
ie) Equivalent thickness of film 
Thermal conductivity 
(b) Equivalent thickness of film 


mum emissive 


(b) Planck’s law 
(d) Fourier’s law 
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Specific heat x Viscocity 
e) Thermal conductivity 
Molecular diffusivity of momentum 
Thermal diffusivity 
Film coefficient x Inside diameter 
ie) Thermal conductivity 
(e) none of the above. 


72, Log mean temperature difference in 


flow compared to parallel flow will b 
(a) same 


(c) less 


(d) depends on other factors _ 
(e) none of the above. 
73. The energy distribution of an ideal reflector at higher 
temperatures is largely in the range of 
(a) shorter wavelength 
(b) longer wavelength 


(c) remains same at all wavelengths 


(d) wavelength has nothing to do with it 
(e) none of the above. 

74. Total emissivity of polished silver compared to black 
body is 


(a) same 


Case of Counte 
e 


(b) more 


(b) higher 


(c) more or less same (d) very much lower 


(e) very much higher. 


15. According to Stefan-Boltzmann law, ideal radiators 


emit radiant energy at a rate proportional to 
(a) absolute temperature 


(b) square of temperature 


(c) fourth power of absolute temperature 
(d) fourth power of temperature 
(e) cube of absolute temperature. 
76. Which of the following property of air does not in- 
crease with rise in temperature 


(a) thermal conductivity (b) thermal diffusivity 
(c) density 


(d) dynamic viscosity 
(e) kinematic viscosity. 


77. The unit of Stefan Bol 
(a) watt/em2 °K 
(c) watt/em2 °K4 
(e) watt/em?2 °K2. 

78. In free convecti 
function of 


tzmann constant is 
(6) watt/cm4 °K 
(d) watt/cm2 °K4 


on heat transfer, Nusselt number is 


(a) Grashoff no. and Reynold no. 
(b) Grashoff no. and Prandtl no. 


(c) Prandtl no. and Reynold no. 


(d) Grashoff no., Prandtl no. and Reynold no. 
(e) none of the above. 


79. Stefan Boltzmann law is applicable for heat trans 
fer by 
(a) conduction 
(6) convection 
(c) radiation 


(d) conduction and radiation combined 
(e) convection and radiation combined. 


č 
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- The thermal diffusivities for gases are generally 


(a) more than those for liquids 

(b) less than those for liquids 

(c) more than those for solids 

(d) dependent on the viscosity 

(e) same as for the liquids. 

The thermal diffusivities for solids are generally 
(a) less than those for gases 

(b) less than those for liquids 

(c) more than those for liquids and gases 

(d) more or less same as for liquids and gases 
(e) zero. 


Thermal diffusivity is expressed by the relation 


k Cp 
(a) —— b) —2L 
pC, a k 
on uC, 
(c) C, a= 
oe 
uC, 


where, k = thermal conductivity 

p = density, u = dynamic viscosity 
and C, = Specific heat at constant pressure 
Thermal diffusivity of a substance is 
(a) directly proportional to thermal conductivity 
(b) inversely proportional to density of substance 
(c) inversely proportional to specific heat 
(d) all of the above 
(e) none of the above. 


. Iftwo surfaces of area A distance L apart, of a mate- 


rial having thermal conductivity k are at tempera- 
tures ¢t, and ¢,, then heat flow rate through it will be 


kA kL 
(a) ae = to) (b) a = to) 


k L 
(c) F(t ty) (d) Sty — ty) 


A 
(e) TK — to). 


The ratio of the emissive power and absorptive power 
of all bodies is the same and is equal to the emissive 
power of a perfectly black body. This statement 1s 
known as 


(a) Krichoffs law (b) Stefan’s law 
(c) Wien’ law (d) Planck’s law 
(e) Black body law. 


. According to Stefan’s law, the total radiation from a 


black body per second per unit area is proportional 
to 

(a) absolute temperature (7) 

(b) T? (c) T° 

(d) T* (e) 1/T. 

According to Planck’s law, the wavelength corre- 
sponding to the maximum energy is proportional to 
(a) absolute temperature (T) 

(b) T? (c) TS 

(d) T* 
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88. According to Wien’s law, the wavelength correspond- 


91. 


92. 


93. 


ing to maximum energy is proportion to 
(a) absolute temperature (T) 
(b) T? (c) T9 
(d) T4 (e) VT. 
Depending on the radiating properties, a body will 
be white when 
(a)p=0,t=Oanda=1 (b)p=1,t=0anda=0 
(c)p =0,t=landa=0 (d)t=0,a+p=1 
(e)a=0,tT+p=1 
where, œ = absorptivity, p = reflectivity, 

t = transmissivity. 
Depending on the radiating properties, a body will 
be black when 
(a)p=0,tT=Oanda=1 (6)p=1,tT=Oanda=0 
(c)p =0,t=landa=0 (d)t=0,a+p=1 
(e)a=0,tT+p=1 
where, o = absorptivity, p = reflectivity, 

t = transmissivity. 
Depending on the radiating properties, a body will 
be opaque when 
(a)p =0,tT=Oanda=1 (6)p=1,tT=Oanda=0 
(c)p =0,t=landa=0 (d)t=0,a+p=1 
(e-)a=0,t+p=1 
where, o = absorptivity, p = reflectivity, 

t = transmissivity. 
ort = 0 is 
dz” 


. dt dt 

The heat transfer equation — ~ + —; + 
ox? dy? 

known as 

(a) Laplace’s equation 

(b) Stefan-Boltzmann equation 

(c) Fourier equation 

(d) Poisson’s equation 

(e) general equation of heat transfer. 

If the inner and outer surfaces of a hollow cylinder 

(having radii r} and r, and length L) are at tempera- 

tures ¢, and ¢, then rate of radial heat flow will be 


k ti a to 1 ĉi — tə 
(= (b) —— —— 
2nL log 2 2nLk log 2 

p ri 

(c) 2nL t,-t, d) 2nK t-t 
k log 2 L log 2 

ri Gl 


(e) 2nLK ia 
log -2 


ri 


. Two plane slabs of equal areas and conductivities in 


the ratio 1 : 2 are held together and temperature in 
between surface ends are ¢, and f,. If junction tem- 
perature in between two surfaces is desired to be 


titiz then their thicknesses should be in the ratio 
2 b 


of 
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(6b) 2:1 


(a) 1:2 
(c)1:1 (d) 3:1 
leat s of thick- 


95. The heat flow rate through parallel wall 

ness L,, Lo and L, and having surface Aa He 
and A,, thermal conductivities hy, Ro» and 3, re se 
tively and first and last walls maintained at te 


peratures t; and t, will be 











(a) = T z 
LGL, b,” A N 
Ak aha Ak Abh Ah Asks 
(c) ty — bo d) BEREE ia 
© hA; , A , Bods Ar , la , Tats 
L hL h ky kg 
(e) es 


A , Ae 4 43 

Lyk, Lik Laks 
96. If the inner and outer walls of a hollow sphere hav- 
ing surface areas of A, and Ag, and inner and outer 
radii r} and r, are maintained at temperatures t, 


and t,, then rate of heat flow will be 





t-t k t,-t 
k.|A 1 2 (b) 1 2 
Ola =n Ja 1-8 


tı — to 


t-t 
(c) 4nk 2 (d) 4nkr,r 
VAyA2 1 2 [AA 


(e) none of the above. 

97. At thermal equilibrium 
(a) absorptivity is greater than emissivity 
(b) absorptivity is lesser than emissivity 
(c) absorptivity is equal to emissivity 
(d) sum of absorptivity and emissivity is unity 
(e) none of the above. 

98. The ratio of emissive power of a body to the emissive 
power of a perfectly black-body is called 
(a) absorptivity (b) emissivity 
(c) diffusivity (d) conductivity 
(e) absorptive power. 

99. The wave-length of the radiation emitted 
(a) depends on temperature only 
(b) depends on (temperature)? 
(c) does not depend on material of body 
(d) depends on material of body 
(e) (a) and (c) above. 

100. Fig. shows the variation of temperature across the 
thickness of materials with different thermal con- 
ductivities under steady states. Curve C will be 
soa when thermal conductivity of the mate- 
ria 
(a) increases with increase in temperature 
(b) decreases with increase in temperature 
(c) is very large 
(d) is constant at all the temperatures 
(e) none of the above. 

101. In Fig. below, curve A will be appli 
mal conductivity of the ca i ee 








102. 


103. 


104. 


105. 


106. 


re 
= 


Temperature ——> 





Thickness ——— > 


ses with increase in temperature 


(a) increa 
ase in temperature 


(b) decreases with incre 
(c) is very large 

(d) is constant at all the 
(e) none of the above. 
In Fig. above, curve B will be applicable when ther- 
mal conductivity of the material 

(a) increases with increase 1n temperature 


(b) decreases with increase in temperature | 


(c) is very large | 
(d) is constant at all the temperatures | 
(e) none of the above. 

In Fig. above, curve B will be applicable when ther- | 
mal conductivity of the material 
(a) increases with increase in temperature | 
(b) decreases with increase in temperature | 
(c) is very large | 
(d) is constant at all the temperatures | 
(e) none of the above. 

The critical radius of insulation for a cylindrical pipe | 
is | 


(a) 


erime nrar: 


temperatures 


—— = is 


(Thermal conductivity of insulating material) 
2 x (heat transfer coefficient at outer surface) | 


b) (Thermal conductivity of insulating material) | 
2x (heat transfer coefficient at outer surface) 

(c) inverse of (a) 

(a) (Thermal conductivity of insulating materia? — 

(heat transfer coefficient at outer surface) | 

(e) inverse of (b). i 

The total emissivity power is defined as the total | 

amount of radiation emitted by a black body per Y™ 

(a) temperature (b) thickness 

(c) area (d) time 

(e) area and time. 


- critical radius of insulation for a spherical shel 


(a) 


C a 
Vere ae: 
a RS eae e 
i ae ce ae et 


(heat transfer coefficient at outer surface) | 
erial) | 


(b) 2 x (thermal conductivity of insulating mat 3 


(heat transfer coefficient at outer surface) 


(c) inverse of (a) (d) inverse of (b) 
(e) none of the above. 
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107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


æ COTES; Ey fe TERTE i 


The ratio of the energy absorbed by the body to to 


energy falling on it is called 
(a) absorptive power 
ic) absorptivity 

ie) none of the above. 
40% of incident radiant ene 
thermally transparent body 
transmissivity of the body 
ity of surface is 


(6) emissive power 
(d) emissivity 


rgy on the surface of a 
is reflected back. If the 
be 0.15, then the emissiv- 





(a) 0.45 (6) 0.55 
(c) 0.40 (d) 0.75 
(e) 0.60. 
LMTD for a heat exchanger is given by 
(a) -=a fe Sand 
Ata 
At, : Ato 
At — At, (At — At;) 
(c) 2 1 
ty (d) log : 
At, At, 
(e) log = 
knd S 
Ato 


where, At, and At, are temperature differences 
between the hot and cold fluids at entrance and exit. 
The amount of radiation mainly depends on 

(a) nature of body (b) temperature of body 
(c) type of surface of body 

(d) all of the above 

(e) none of the above. 


The emissive power of a body depends upon its 
(a) temperature (b) wave-length 
(c) physical nature (d) all of the above 


(e) none of the above. 

Two plates spaced 150 mm apart are maintained at 

1000°C and 70°C. The heat transfer will take place 

mainly by 

(a) convection (b) free convection 

(c) forced convection (d) radiation 

(e) radiation and convection. 

Absorptivity of a body will be equal to its emissivity 

(a) at all temperatures 

(b) at one particular temperature 

(c) when system is under thermal equilibrium 

(d) at critical temperature 

(e) for a polished body. 

In regenerator type heat exchanger, heat transfer 

takes place by 

(a) direct mixing of hot and cold fluids 

(b)a complete separation between hot and cold 
fluids 

(c) flow of hot and cold fluids alternately over a 
surface l 

(d) generation of heat again and again 

(e) indirect transfer. 





Bri 2 YE AKS AN a a aa EE FUEL A E Y 
$ ET RPN Pe ae 4 a yl E Pa i M arer Tee i Ae n ee ele Seer s 
` Cth ner ow YN > igs Sw Sy Ale ates oe he aa" ~ ğ FS A 
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tal 





115. A perfect black-body is one which 


(a) is black in colour (b) reflects all heat 
(c) transmits all heat radiations 


(d) absorbs heat radiations of all wave lengths 


falling on it 
(e) fully opaque. 
116. Planck’s law holds good for 
(a) black bodies (6) polished bodies 
(c) all coloured bodies (d) all of the above 


(e) none of the above. 


117. If the temperature of a solid surface changes form 
27°C to 627°C, then its emissive power changes in 
the ratio of 


(a) 3 (b) 6 
(c) 9 (d) 27 
(e) 81. 


118. Depending on the radiating properties, body will be 
transparent when 
(a)p=0,t=Oanda=1 (6)p=1,tT=O0anda=0 
(c)p =0,t=landa=0 (d)t=0,a+p=1 
(e)a=0,tT+p=1. 
(a= absorptivity, p = reflectivity, 
t= transmissivity) 
119. Thermal radiation extends over the range of 
(a) 0.01 to0.1u (b) 0.1 to 100 u 
(c) 100 to 250 u (d) 250 to 1000 u 
(e) 1000 to 2500 u. 
120. A grey body is one whose absorptivity 
(a) varies with temperature 
(b) varies with the wave length of incident ray 
(c) varies with both 


(d) does not vary with temperature and wave length 
of the incident ray 


(e) there is no such criterion. 
121. Effectiveness of heat exchanger is defined as 


(a) thi — the (b) bee — hej 
hi "ct hi — 
(c) greater of (a) and (b) (d) thi — tee 
tho — thi 
(e) thi — tee 
thi — tei 


where, ¢,, = temperature of hot fluid at inlet 
t,, = temperature of hot fluid at exit 
t ; = temperature of cold fluid at inlet 
t „= temperature of cold fluid at exit. 
122. Upto the critical radius of insulation 
(a) added insulation will increase heat loss 
(b) added insulation will decrease heat loss 
(c) convection heat loss will be less than conduction 
heat loss 
(d) heat flux will decrease 


infini anes with emissivities €, and 
3. For infinite parallel planes em 1 
na E the te change factor for radiation from surface 
2) 


1 to surface 2 is given by 
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E;€2 
€ 
€, +E — E1€2 j E1 *2 
€ 
(c) £} + £ (d) €1£2 


124. A heat exchanger with heat transfer man Eaa 
and overall heat transfer co-efficient U handle me 
fluids of heat capacities Co and C min = 
parameter NTU (number of transfer units) used 1 
the analysis of heat exchanger is specified as 








AC min U 
la) U m7 AC nin 
AU 
(c) AUC nin (d) C 

min 


125. A composite slab has two layers of different materi- 
als with thermal conductivity K, and K,. If each layer 
had the same thickness, the equivalent thermal con- 
ductivity of the slab would be 


(K; + Ko) 
(a) K, +K, (b) TKK) 
OB iah K 
(c) (K, + Ky) (d) K,K,. 


126. Along semi-circular duct is shown in the given figure 
below. What is the shape factor F,, for this case ? 


(a) 1.36 (b) 0.73 
(c) 0.56 (d) 0.36 
127. Which one of the following diagrams represents cor- 
rectly the gas-gas counterflow heat exchange ? 





Area 
Š @) 
128. The temperature distribution ; 
ut i 
mal conductivity 0.17 W/, aie m a stainless fin (ther- 


tional area of 2 cm? and le ao ie 
ambient of 40°C (with a su 
cient of 0.0025 W/em2°C) is pi 
ar +6, where T is in°C is in em, If th 

emperature is 100°C, then th l ie 


- the fin surface will be e eni dissipated by 
(a) 6.8 W (b) 
3. 
(c)1.7W A 


(d) 0.17 W. 
_ 129. The ratio of the thickness of thermal bo 
to the thickness of hydrodynamic a. 


dary layer 
equal to (Prandtl number) n, where n is 


ary layer is 





130. 


131. 


Codes: 





(a) - 1/3 
(c) 1 
Consider following parameters: 
1. Temperature of the surface 

| issivi face 
9. Emissivity of the surt 
3. Temperature of the air in the room 

i f the pipe. 
4. Length and daimeter 0 
The  wameter(®) responsible for loss of heat from a 
hot pipe surface in a room without fans would in- 


clude 
(a) 1 alone (b) 1 and 2 


(c) 1, 2 and 3 (d) 1, 2, 3 and 4. 
Match List I with List II and select the correct answer 
using the codes given below the lists: 
List I List II 

A. Infinite parallel lot; 

planes 
B. Completely enclosed 2. €€% 

body large compared 

to enclosing body 

(Subscript 1 for 

enclosed body) 


C. Two rectangles with 3. _ t 


common side perpendi- 
cular to each other. 


D. Concentric cylinders 4. Z} 


A B C D 
(a) 1 2 4 3 
(c) 2 1 3 4 
@ 3 4 4 i 


132. Match List I with List II and select the correct answer 


using the codes given below the lists: 
List I 


(Parameter) an 
Mii (Definition) 
nstant of a l. Ar/k, . 
thermometer of o fuid 
radius ro 
B. Biot number for a 2. kih 
sphere of radius r 
C. Critical thickness 3. h 
of insulation "oP oi 
for a wire of 
radius ro 


D. Nusselt number for 


a Sphere of ra m. 4. hnr lipeV 
(0) 


Scanned by CamScanner 


a Thy ile 
jatar Per hs Les - è x 2 
oe we, ee See me samedi : 
f > >. EAR PY See ene T> 
5 tA Araras ` 
RL) 





Nomenclature: h: film heat transfer coefficient. k - 
thermal conductivity of solid Aidi 


Ravid ` thermal conductivity of fluid, p : density, c : 
specific heat, V : volume, / : length. 

Codes: A B C D 

(a) 4 3 2 1 

(b) 1 2 3 4 

(c) 2 3 4 1 

(d) 4 1 2 3 


133. Heat pipe is widely used now-a-days because 
(a) it acts as an insulator 
(b) it acts as conductor and insulator 
(c) it acts as a superconductor 
(d) it acts as a fin. 
134. Match List I with List II and select the correct answer 
using the codes given below the lists: 


List I List II 
A. Regenerative heat 1. Water cooling tower 
exchanger 


B. Direct contact heat 2. Lungstrom air heater 


exchanger 


C. Conduction through 3. Hyperbolic curve 


a cylinder wall 


D. Conduction through 4. Logarithmic curve. 


a spherical wall 


Codes: A C D 
(a) 1 4 2 3 
(b) 3 1 4 2 
(c) 2 1 3 4 
(d) 2 1 4 3 


135. In current carrying conductors, if the radius of the 


136. 


conductor is less than the critical radius, the addi- 

tion of electrical insulation is desirable, as 

(a) it reduces the heat loss from the conductor and 
thereby enables the conductor to carry a higher 
current. 

(b) it increases the heat loss from the conductor and 
thereby enables the conductor to carry a higher 
current. 

(c)it increases the thermal resistance of the 
insulation and thereby enables the conductor to 
carry a higher current. 

(d)it reduces the thermal resistance of the 
insulation and thereby enables the conductor to 
carry a higher current. 

A pipe carrying saturated steam is covered with a 

layer of insulation and exposed to ambient air. The 

thermal resistances are as shown in the following 
figure below. 


Roipe Rair 
— MMW MW MW WwW 
Reteam Rins 
Which one of the following statements is correct in 
this regard. 


oe eh Bs Be Rea E y 
> t - E ATE $; $ 7 S 
Mer Ps (iin A we Cray Ray) 0 4 iad a See y koe 
S es ap ee ian on ete ey ESS aa YS are ty 
+o ee UG , 3 Ante” Seiad Ey a ee * J pe 
Pie SO va a + Oe 5 s EARRA ows Pi dn Tyg 
Hn : a bee ee. ee 


(a) R steam and R,;,, are negligible as compared to 


ing aN 
(b) R and R,„;, are negligible as compared to R,,,, 
and R 


(c) R 


steam 

steam and Rai are negligible as compared to 
ij and Ras 
(d) No quantitative data is provided, therefore no 


comparison is possible. 


137. Match List I with List II and select the correct 
answer: 
List I List II 

A. Window glass 1. Emissivity independent 
of wavelength. 

B. Gray surface 2. Emission and 
absorption limited to 
certain bands of 
wavelengths. 

C. Carbon dioxide 3. Rate at which radiation 
leaves a surface. 

D. Radiosity 4. Transparency to short 
wave radiation. 

Codes: A B C D 
(a) 1 4 2 3 
(b) 4 1 3 2 
(c) 4 1 2 3 
(d) 1 4 3 2 
138. Match List I with List II and select the correct 
answer. 
List I List II 

A. Momentum transfer 1. Thermal diffusivity 

B. Mass transfer 2. Kinematic viscosity. 

C. Heat transfer 3. Diffusion coefficient. 

Codes: A B C 
(a) 2 3 1 
(b) 1 3 2 
(c) 3 2 1 
(d) 1 2 3 
139. A heat exchanger with heat transfer surface area A 


140. 


and over all heat transfer coefficient U handles two 
fluids of heat capacities C} and C, such that C, > C,. 
The NTU of the heat exchanger is given by 


(a) AUIC, (b) e7 ANN»? 
ioe (d) AUIC,. 
Consider the following statements pertaining to heat 


transfer through fins: 

1. Fins are equally effective irrespective of whether 
they are on the hot side or cold side of the fluid. 

2. The temperature along the fin is variable and 
hence the rate of heat transfer varies along the 
elements of the fin. 

3. The fins may be made of materials that have a 
higher thermal conductivity than the material of 
the wall. 

4. Fins must be arranged at right angles to the 
direction of flow of the working fluid. 


Scanned by CamScanner 








A, + 4) 1-4 

(q) At fe. (b) A 
Of these statements i A dhe Az 
(a) 1 and 2 are correct (b)2 and 4 are correc log, oa el A, 
(c) 1 and 3 are correct (d) 2 and 3 are —_— , N i Pe 

141. Addition of fin to the surface increases the hea lo) A (d) Tae) 
transfer if {hA/KP is 2 log. ‘a og, A, 


(a) equal to one i ith List-Il and select the correct 
45. Match List-I wi l ots 
re _— than one 1 answer using the codes given below ny lists: 
c) less than one : List- 
List-I 

(d) greater than one but less than two. -hA (T. -T>) 
142. A cube at high temperature is immersed in a constant A. Stefan-Boltzmann 1. q 1 2 

temperature bath. It loses heat from its top, bottom law 


and side surfaces with heat transfer coefficient of B. Newton’s law a 2. E= ak, 
h,,h,andh, respectively. The average heat transfer ailing 
coefficient for the cube is n LA 
(a) hy + hg + ħa (b) (hyhahts) C. Fourier’s law 3. q= L U= T3) 
1 1 1 
fie a the above. 
(c) ta hy + h, (d) none of the above ENEE n N law METET To an T4) 
143. Sun’s surface at 5800 K emits radiation at a wave- 5. q = kA(T, - T3) 
length of 0.5 p. A furnace at 300°C will emit through Codes: A B C D 
a small opening, radiation at a wavelength of nearly (a) 4 1 3 2 
(a) 10 u (6) 5p (b) 4 z 1 9 
(c) 0.25 u (d) 0.025 u. (e) 9 1 3 4 
144. The heat flow equation through a cylinder of inner D 5 5 1 4 


radius ‘r,’ and outer radius ‘rg is desired in the same 
form as that for heat flow through a plane wall. The 
equivalent area A, is given by: 





1. (b) 2. (e) 3. (b) 4. (b) 5. (c) 6. (a) 7. (c) 8. (c) 
9. (b) 10. (b) 11. (b) 12. (d) 13. (c) 14. (c) 15. (a) 16. (e) 
17. (d) 18. (d) 19. (d) 20. (d) 21. (d) 22. (b) 23. (c) 24. (a) 
25. (d) 26. (e) 27. (d) 28. (e) 29. (e) 30. (b) 31. (e) 32. (d) 
33. (a) 34. (d) 35. (e) 36. (c) 37. (c) 38. (d) 39. (d) 40. (a) 
41. (a) 42. (c)* 43. (d) 44. (c) 45. (b) 46. (d) 47. (a) 48. (c) 
49. (d) 50. (b) 51. (c) 52. (a) 53. (c) 54. (e) 55. (a) p 
57. (d) 58. (b) 59. (a) 60. (d) 6l. (a) 62 (e) 63. F ii (a) 
65. (d) 66. (c) 67. (e) 68. (d) 69. (c) 70. (a) 71. E ge 
73. (a) 74, (d) 75. (c) 76. (c) 77. (d) 78. (b) a le 
81. (c) 82. (a) 83. (d) 84. (a) 85. (a) 86. (d) sgt cena 
89. (b) 90. (a) 91. (d) 92. (a) 93. (e) 94,(c) ee 88. (a) 
97. (c) 98. (b) 99. (e) 100. (c) 101. (a) 102. b SPN a) 
105.(¢) 106. (b) 107.(a) 108. (a) 109. (a) rer ee gu 
113. (c) 114. (c) 115. (d) 116. (a) 117. (e) ipa ci a) 
121. (c) 122. (b) 123. (a) eo ie mes ve 118. (c) 119. (b) 120. (d) 
129. (a)* 130. (d) 131. (d) seed = en 126. (d)* 127. (b) 128. (b)* 
137. (a)* 138. (a) 139. (a) 140. (b) 141. ( ) soa ga AEAN, 
145. (c) e \C 142. (a)* 143. (b)* 144. (d) 







EXPLANATORY NOTES 





__A(Ty-™) __ 1.2.x (1027-27) 126. Shape OIER 
22 


(prest [22,5] 
kh ky ç kj \2 015 15 - A,-A,_mrl-2rl_ 314-2 i 
a a aa O86: 
12x 1000 _ 1000 kcal/hr. ‘a 3.14 
0.1+1+01 


*Indicates that explanatory note is given at the end. 


ti pe N 
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i 128. Heat i dissipated by fin surface 


129. 


132. 
133. 


hA h-t _ 
kp xikA 


0.0025 x 2 | 
~0.17x1~ 
=3.4W 


Thickness of thermal boundary layer 
Thickness of hydrodynamic layers 


= (Prandtl number)-!3. 
Correct matching is A-4, B-3, C-2, D-1. 


Heat pipe can be used in different ways. Insulated 
portion may be made of flexible tubing to permit 
accommodation of different physical constraints. It 
can also be applied to micro-electronic circuits to 
maintain constant temperature. 


It consists of a closed pipe lined with a wicking 
material and containing a condensable gas. The 
centre portion of pipe is insulated and its two non- 
insulated ends respectively serve as evaporators and 
condensers. 


100 ~ 100-40 
“W017 x2 Li x2 


136. 


137. 


142, 


143. 


105 





The resistance due to steam film and pipe material 
are negligible in comparison to resistance of insula- 
tion material and resistance due to air film. 

The correct choice is (a), because for window glass, 
emissivity is independent of wavelength, gray surface 
has transparency to short wave length, for carbon 
dioxide the emission and absorption is limited to 
certain wave lengths, radiosity is the rate at which 
radiation leaves a surface. 

Losing of heat from top, bottom and side surfaces of 
cubes is equivalent to considering that resistances 
to heat flow are in parallel. For parallel resistance, 


1 i 1 1 
— = — +4 — 


or h 
As per Wien’s law, 4,7, = MT, 


or 0.5 x 5800 =A, x 573 
and Ào = 5800 x 0.5 = 6.7 
573 





l. 


- PROBLEMS 


Provide single suitable camel for following 
statements: 


Heat transfer rate per unit area by conduction is pro- 
portional to the normal temperature gradient. 


. A physical property of a substance that characterizes 


the ability of the substance to transfer heat. 


. The ratio of (product of thermal conductivity and area) 


and the wall thickness. 


. Walls of several heterogeneous layers. 
. Mean radius for heat transfer by conduction through 


hollow cylinder of radii r} and ry. 


. Mean radius for heat transfer by conduction through 


hollow sphere of radii r} and r. 


. If At, and At, be the inlet and outlet conditions of tem- 


perature difference in a heat exchanger, then log mean 
temperature difference is 


. The ratio of (product of coefficient of heat transfer and 


length) and thermal conductivity. 


17. 


. Heat transfer taking place by means of electromagnetic 


waves. 


. The sum of absorptivity (œ), reflectivity (p) and trans- 


missivity (1). 


. The values of a, p, and t for black body. 

. The values of a, p and t for white body. 

. The values of o, p and t for transparent body. 

. The values of o, p and t for opaque body. 

. Relationship for black bodies between monochromatic 


emissive power and different wavelengths. 


. The total emission from a black body per unit time 


varies directly as the fourth power of the absolute 
temperature. 

At thermal equilibrium, the absorptivity and emissiv- 
ity are 


ANSWERS. 








1. Fourier’s law 2. thermal conductivity 3. thermal conductance 4. composite 
5. a 6. dri lp eae = 8. Nusselt Number 
log, (a/r) log, ia. 
i 
9. radiation 10. unity ll.p=t=0,a0=1 12.p=1,t=a=0 
13. p=0,t=1,a=0 14.17=0,p+a=1 15. Planck’s law 16. Stefan Boltzman law 
17, same. 
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I.C. Engines, Refrigeration 
and Air Conditioning 





In internal combustion engines, the combustion takes 
place inside the engine whereas in steam engines the 
combustion takes place outside the engine. 


The internal combustion engine possesses certain 
advantages over steam engine. 


(i) I.C. engine is more compact unit as it does not 
involve several cumbersome auxiliaries required in steam 
engine. 

(ii) The efficiency of I.C. engine is of the order of 35% 
and the of steam engine is about 15%. This is because of the 


fact that very high temperature can be achieved in I.C. 
engines. 


(tii) I.C. engines are mostly single acting, thereby 


avoiding the necessity of leak proof stuffing box, piston rod, 
D-slide valve etc. 


(tv) As combustion takes place inside the cylinder, 
therefore overall size is reduced and these become portable. 


In steam engines, most of the area is occupied by boiler for 
producing steam. 


Efficiency of Air Standard Otto Cycle 


y-1 
-G 
r 


From the above expression it is obvious t 
the compression ratio, hi 
efficiency. 


hat greater 
gher will be the air standard cycle 





stroke in case the high co 
because the ignition tem 
combustion takes place du 
be loss of power, rather th 
high compression ratios 
case of otto engines the c 


tio = ba and 
where, r = compression ratio = V, 


Compression ratio 


Expansion ratio 

a > 1, 
y(o- 1) 
therefore for same compression ratio, n otto > n diesel. But 
in case of diesel engine high compression ratio can be 
achieved, as fuel is injected at the end of compression stroke, 

Engines working on Otto cycle use petrol as fuel and 
are known as spark ignition (S.I.) engines, and those working 
on diesel cycle use diesel oil and are known as compression 
ignition (C.I.) engines. 

Dual combustion cycle. It is a combination of Otto 
and Diesel cycle and hence also known as mixed or composite 
cycle. Engines working on this cycle are called compression 
ignition engines. 

Injection and ignition of fuel. Fuel in I.C. engines 
may be injected by (a) air injection or (b) airless or solid 
injection. 

Fuel may be ignited b 


ssion ignition, (c) hot tube 
chamber. 


Here for all values of o, expression 


3 (a) electric spark, (b) compre- 
ignition, or (d) hot combustion 


Indicated mean effective perssure [Refer Fig. 3.1 (b) 
K 
p= (A, —A,) T (N mm?) 


Indicated power P= PA,LN ; (watts) 


where, N = number of revolutions 


n = number of cylinders, 
A, = piston area (m2), 
L = stroke (m) 
l = length of diagram, 
K = indicator constant 
Friction power P; =P,- P; 


(P, = brake power = 2nNT) 


per second, 





to 8. and, Mechanical efficiency nN = fb 

m~ R 
Efficiency of Ideal Diesel Cycle ‘T = torque = force on brake arm x brake radika 

era 
1 {[ of-]1 Brake mean effecti 4 
DE Pas, pee eae ct nT 
Vee g Esi ‘ve pressüre p, = 
= Constant x T(N m-2) 
106 
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ENGINES, REFRIGERATION AND AIR CONDITIONING 


Rocker 













Inlet and 
exhaust valves 


Cooling 


inlet port 




















Cooling Spark 
jacket : lu 
1NA H Ue ; 
= H Combustion 
Piston— H B La ah enamber 
Cylinder AR 8 Push 
Z N; 
EA ASE 
Connecting aS: 
rod ze 
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Fig. 3.1. (a) Schematic of 4-stroke 1.C. engine. 
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Fig. 3.2. (b) p-v diagram of 2-stroke I.C. emgine. 


P 
Bake thermal efficiency n, = b 


mC 


Specific fuel consumption SFC = = (kgs-! W-) 
Volumetric efficiency n, 
Volume of induced air at normal 
temperature and pressure 
Swept volume of cylinder 
where, m = mass flow rate of fuel (kgs~?), 
C = lower calorific of fuel (J kg). 


Engine Components 


1. Cylinder. Cylinder of an internal combustion engine 
is designed to withstand the high pressure and temperature 
conditions. It should be able to transfer the unused heat 
efficiently so that metal temperature does not approach the 
dangerous limit, and it should be economical to repair in the 
event of wear and tear. For this reason, it is usual to use 
cylinder liners or sleeves in all the big engines because of 
the following advantages : 


(i) These are more economical because of ease of 
replacement after wear and tear. 


(ii) Instead of making the whole of the cylinder of best 
grade of material, only the liner can be made of better grade, 
wear resistant cast iron and the jacket made of cheaper grade. 


(iii) It’s use also allows for longitudinal expansion. 


In big engines the various parts, viz. cylinder, water 
jacket, frame etc. are manufactured separately, whereas in 
small engines these are made as one piece. 


The cylinder liner should be made of such material 
which is strong enough to withstand high gas pressure and 
at the same time sufficiently hard enough to resist wear due 
to piston movement. It should also be corrosion resistant and 
produce good bearing surface to guide the piston movement. 
It should also be capable of resisting thermal stresses due to 
heat flow through the liner wall. The various materials 
commonly used and satisfying the above requirements in 
order of preference are : Grey cast iron with homogeneous 
and close grained structure (pearlitic cast iron) which is 
usually cast centrifugally ; nickel cast iron and nickel 
chromium cast iron ; nickel-chromium cast steel (with 
molybdenum in some cases). The aeroplane engine cylinders 
are made of forged alloy steel.The cylinders are usually made 
of cast steel. The inner surface of the liners is usually heat- 
treated properly in order to obtain hard surface to reduce 
wear. Sometimes it is chromium electroplated to obtain very 
hard and porous surface such that an oil film is formed and 
retained thereby reducing the wear appreciably. 
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hardness upto the operating cna p shoulg 
ittle or no tendency towards corrosion: 1e M à 5 ommoni T 
be litt -als for the pistons of internal combustion engine, 
used materia ‘cast aluminium, forged aluminium, cast steel | 
are : cast 1ron, | Cast iron pistons may be used for moderate}, | 
ith piston speeds below 6 m/s, and aluminium | 
d for highly rated engines running aj | 


are com monly 


and dry type) 
e cooling 


to the cylinder and th 
at) does not come in contact 


Two types of liners (wet 
used. The dry liner is press fit in 
water (to remove the unused he | et ee 
with the liner but contacts only the cylinder outer os d irad Skee 
This arrangement is adopted for smaller cylinders below oe arre 
mm bore, above which wet liners are used in which ae ie store e 
cooling water in the jacket comes in direct contact with | ano; 


. aVV i > iston speeds. 

è ` . 3 >t. er, a heavy higher p ë x a > . h 

outside layers of the liner: ue en mee tre 4. Piston Rings. These impart the necessary radia] | 
flange has to be provided at the top which means that centre 


> R E aintal . seal between the piston and the | 
distance between two cvlinders in case of multicylinder | pressure to m sa Se nb the top fonctits | 
adan a ` . , . will Jinder bore. ye pis on rl í i | 
engine will be more and the cooling of the top of liner will cylind ie: TP pescute ands and may be 3, 4, 5.64 
not be proper However it permits easy supporting of heavy as compression FURE p i z ty “far heat from piston t | 
internal cores of cylinder bore. The dry liner is easier to | and 7 in number. cane a aor #3 atn Socet iioa die r. | 
, t ` . me rod : , 5 : . S ) part o pis 0} 
ret li S heat flow through | cylinder liner and absor 
replace and the wet liner is difficult. The | : serve as oil scra | 
drv liner is poor, but is uniform throughout including the | side thrust. The rings inserted at aie v kebe 
top. In the case of dry liner there is no possibility of water | or oil control rings. These provide prop 7 y | 
j$ i i i -; whereas in sng sufficient oil to move UP during upward stroke and | 
leakage into crank case or combustion chamber ; whereas 1 allowing suffici ve | 
wet liner such a risk exists if the liner casting 1S defective. at the same time also minim 


ise oil flow to combustion | 
2 Cylinder head. It closes one end of the evlinder. Air chamber. | | 
and fuel valves are also accommodated in it. A copper gasket In the oil rings, either the bottom outer edge is stepped | 
is placed between the cylinder and cylinder head to make | or upper edge bevelled, or slot cut ‘nthe centre ofthe ring all 
gas tight joint. round the periphery and lower edge of the groove of the piston 
3 Piston. Piston is an important part ofan I.C. engine | is bevelled and small holes drilled towards the inside of the | 
which receives impulse from the expanding gases in the piston so that excess oil scrapped by the ring flows through 
cylinder and transmits the energy to the crankshaft through | these holes into the piston and falls into the sump. 
the connecting rod. It also disperses a large amount of heat The compression rings are usually made of rectangular 
from the combustion chamber to the cylinder walls. I.C. | cross-section and the diameter of the rings is aide slichtle 
engines employ trunk type pistons which are open at one | larger than the cylinder bore. A part of the ring is cut-off in 
ead and consists ot order to permit it go into cylinder against the liner wall. This 
(i) head or crown to carry the cylinder pressure also produces pressure on rings. The gap between the ends | 


(ii) skirt to act as a bearing for connecting rod side should be sufficiently large SO that even at the highest 
temperature the ends will not touch each other, otherwise 


thrust | 
(iii) piston pin to connect the piston to the connecting there might be buclking of the ring. The square cut ends are 
end wand most commonly used. Sometimes angular cut, or square step 
DEPE h > : cut ends are also used. 
(iv) piston rings to seal the cylinder. eee l | 
Th i ; i : , The ring joints of various rings should be spaced 
e various important design considerations for a . 
E ESN equally round the piston and should not come one below the | 
Th a ea highly ri diti other. The rings are sometimes, therefore, located by pins, | 
e piston is subjected to highly rigorous conditions | so that all the gaps do not come in one line due to the rotation | 
and must therefore have enoumous strength and heat | of the rings. 
resistant properties to withstand high gas pressure. Its 
construction should be rigid enough to withstand thermal 
and mechanical distortion. As high speeds upto 15 mpm may 
be attained in high speed engines the weight of piston should 
be minimum possible to minimise the inertia forces. To 
maintain the piston temperature within limits, the heat from 
the crown of piston must be dissipated quickly and efficiently motion from the reciprocating piston to the rotating crank. 
to the rings and bearing area and then to the cylinder walls. It also conveys the lubricating oil from the crank pin to the 
The profile of piston head is dependent on the design of | P!Ston pin and provides splash or jet cooling of the piston | 
combustion chamber. From strength considerations, it may crown. In the most usual form it consists of an eye at the 
become necessary to use different material for head, like cast small end for the piston pin bearing, a long shank usually 
steel. I-section, and a big end opening which is usually split to take | 


The bearing area of piston should be sufficient to one crankpin bearing shells. Low speed large engines usually 
prevent undue wear and it should form an effective seal to employ circular section with flattened sides or rectangula" 
avoid gases from leaking to oil side or oil to gas side. The section, with the large dimension being in the plane ° 
number and type of piston rings is influences by many factors rotation. High speed engines employ I-section or H-sectio® 
including the balancing weight afani rods for lightness. I-section is most common for high speed 

It should have least friction and have noiseless ARS connecting rods because lightness is essential in orde! 
operation. Material of the piston must possess good wearing =- keep the inertia forces as small as possible. I-section also 
qualities, so that the piston is able to maintain the surface provides ample strength required to withstand th? | 





Piston rings are usually made of cast iron and alloy 
cast iron due to their god wearing qualities and also their ` 
retaining the spring characteristics even at high 
temperatures. To avoid wear, the rings are chrome plated. 


5. Connecting Rods. Connecting rod is used to transmit 
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momentary high gas pressure in the cylinder. Thus I-section 
fulfills the most desirable conditions for connecting rod, i.e. 
the adequate strength and stiffmess with minimum weight. 


The connecting rods of internal combustion engines 
are mostly manufactured by drop forging with outer surfaces 
left unfinished. 

The length of connecting rod is usually made 4 to 5 
times the crank radius. The smaller length than this 
increases the angularity of connecting rod which increases 
the side thrust of piston against liner and thus the wear. 
More length would mean greater height of engine and thus a 
compromise is essential. 

The lubrication of the two end bearings of the 
connecting rod is very important. Two methods commonly 
used are : 

(i) Splash lubrication 

(ii) Pressure feed lubrication. 

In splash lubrication, at the big end of the connecting 
rod is attached a spout which dips into the lubricating oil in 
the sump during downward motion of connecting rod, anda 
splash of oil is produced by the spout as the connecting rod 
moves up. The oil flows to big end through spout and the 
splashed up lubricant finds its way into the small end bearing 
through the widely chamfered holes provided on the upper 
surface of the small end. 

In the pressure feed system, oil is fed under pressure 
to the crank pin bearing through holes drilled through the 
crankshaft, crankwebs and crankpin. From the crank pin 
bearing, the oil is fed to the small end bearing through the 
hole rifle drilled in the connecting rod shank. 

6. Crank Shafts. Crank shafts are used in I.C. engines 
to convert reciprocating motion of piston into rotary motion. 
Crank shaft consist of the shaft parts which revolve in the 
main bearings, the crankpins to which the big ends of the 
connecting rods are connected, the crank webs (also known 
as cheeks) which connect the crank pins and the shaft parts. 

An overhung crank has only one crank web and it 
requires only two bearings. It is used with medium size and 


large horizontal engines. A crank shaft with a centre crank 


has two crank webs. A crank shaft may be either single throw 
type or multi-throw type depending on number of cranks 


provided. 
Its mass should be so distributed that natural 


frequency of vibration is very much away from the normal 


_ Speed of operation. 


It is generally made much heavier and stronger than 
necessary from the strength point of view so as to meet the 
requirements of rigidity and vibrations. 

In industrial engines, 0.35 carbon steel and 0.45 


carbon steel are commonly used. In transport engines, 
_ Manganese steel is generally used. Aero-engines use cranks 
3 made of nickel chromium steel. 

7. Fuel nozzle. The fuel in diesel engines is fed by an 
_ Mection system consisting of a pump, fuel line and the 
 Aector/fuel nozzle. Fuel is fed by this nozzle in a fine spray 


under pressure. 

8. Intake and Exhaust valves. These are spring loaded 
t operated by a cam. The valves are mounted either in the 
r block or the cylinder head. Usually conical valves 





having angle of 30° or 45° are used. As the heads of the valves 
are subjected to high temperature of the burning gases, these 
should not warp under the influence of heat and their seats 
should not scale or corrode ; otherwise they would start 
leaking. Valves are usually made of austenitic, non-hardening 
steels containing 25 to 35% chromium and nickel. 

9. Cam shaft. It is driven from the crank-shaft by a 
timing gear on a chain. It operates the intake and exhaust 
valves through the cams, cam followers, push rods and rocker 
arms. 

Valve-Timing diagrams. Theoretically the valve 
should open and close at the end or start of the stroke. But 
in actual practice it is not desirable to do so in order to obtain 
better results. The valves are generally opened earlier and 
closed later. 

Starting from the suction stroke, the inlet valve is 
opened about 10° — 30° before the T.D.C. or (O.D.C.). At 
this moment exhaust valve is also open. By opening the inlet 
valve earlier. more chances of fresh charge coming in are 
made. As fresh charge moves in, it helps in expelling the 
exhaust gases also. 

The inlet valve does not close at B.D.C., but 1s closed 
after it. It generally closes 30° — 40° after B.D.C. By doing 
so, a large amount of fresh charge is ensured, as the charge 
during suction stroke was get going in and compression by 
piston has not yet been able to push out the charge. 


T.D.C. 


1.V.O. 






Suction 
stroke 


ILV.C. 


B.D.C. 


Fig. 3.3 (a) !.V.O. [Inlet valve opens] 
|.V.C. [Inlet valve closes] 


IL.G.N. T.D.C. 
10 
Compression 
stroke 
1.V.C. B.D.C. 


Fig. 3.3 (b) T.D.C. [Top Deal Centre] 
B.D.C. [Bottom Dead Centre] 


ee 
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DIESEL 


Fig. 3.4. (b) EVO—Exhaust valve opens; 
EVC—Exhaust valve closes 


Governing of LC. Engines : Various methods en 
(a) Hit and miss governing — used for small engines: 
No fuel is admitted during a cycle by keeping suction valk 


(b) Quantitative governing — Quantity of charges 


(c) Qualitative governing — Quality of charge is varie 
Two stroke cycle engine. The engine is classifiz 
as two-stroke or four-stroke depending upon the number d 
trokes it requires to complete the basic four events ¢ 
operations. The Otto, Diesel and Dual cycles are complete 


in four strokes, therefore engines based on these are calle 
| four stroke engines. 


4 


Piston 






Exhaust 
pot = 


Intel _. 


Oil casing 


Fig. 3.6 
s, the two ideal i.e., suction and 


In two-stroke engines 


exhaust strokes are eliminated, (In other words for sucti0 


e separate strokes). So we hav? 
one power stroke per rey 


| olution of crank in two strok? 
| engines. 


In two-stroke en 


. gine, ports are used instead of tbe 
inlet and exhaust vy 


alves operated by complicate 
e 1s collected in the oil casing which 
power stroke. Since it is at hig? 


pressure, therefore it automatically i a 
y enters the cylinder 
Ports are cleared off the piston. : 
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Carburettor 

The carburettor is a device used in petrol engines for 
atomising and vaporising the fuel and mixing it with air in 
yarving proportions to suit the charging mixture in the 
jnduction manifold of the engine. The carburettor meters the 
required quantity of fuel and atomises or breaks it into 
minute globules for being mixed with a correct quantity of 
gir. The main object of the carburettor is to supply the 
required petrol and air mixture of the correct strength as 
dictated by the load conditions of the engine. 

Theoretically 15 : 1 is the correct mixture of air and 
petrol which would result in burning without leaving excess 
of air or fuel. Combustion will take place for ratio between 7: 1 
to 10 : 1 on lower side and upto 20 : 1 on higher side. For 
average cruising speed, the air fuel ratio is approximately 
15: 1 to 17 : 1. Richer mixture of 12 : 1 is desirable for 
accelerating the engine quickly. When starting engine from 
cold, even richer mixture may be desired. For maximum 
economy, i.e., less fuel consumption per unit power, the fuel 
air ratio should be 16: 1 or 17: 1. Thus carburettor has to be 
designed to provide varying requirements of fuel air ratios. 
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at ‘ol-engine, the combustible mixture is ignited 
spark produced between the points of a spark- 
2 two systems of electric ignition. (1) Battery 
alled battery or coil ignition) and (2) magneto 
: - of the two systems can be used in petrol 
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z. 3.8 shows the various elements of a 
. It relates to four cylinder petrol 


tch, the current from the battery 
€ he primary of the induction 
e contact points being closed. 
on coil is connected to the 
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Petrol from the petrol tank enters the float chamber 
through a needle valve. The float maintains the constant level 
in the chamber. The petrol in float chamber is made to stand 
at about 1.5 mm below the orifice at the top of the jet. The 
petrol is sent to the discharge jet, located in between venturi 
tube, through a metering jet which controls the rate of flow 
of petrol. The air is drawm in by the suction in the cylinder 
during suction stroke. Venturi tube converts some of the static 
head of the air into velocity head thus causing suction 
(proportional to velocity of air at venturi tube) at the 
discharge jet. The fuel air mixture formed in the mixing 
chamber passes on to the intake mainfold. Vaporisation of 
fuel gets completed near the end of compression in the 
cylinder. The throttle is used to control the speed and power 
of the engine. 

To achieve richer mixtures, special idling arrangement 
comprising idling fuel passage and idling ports is incorporated 
in carburettors. When the throttle is closed for slow speeds 
or idling, the suction below the throttle raises the fuel in the 
idle tube and the fuel is sent directly to the intake pipe. 


Air vent 
Float 


Needle valve 


Float chamber 






Fig. 3.7 


(between one hundred and two hundred) turns of coarse-wire 
whereas a secondary-winding has a large number (of the 
order of 10,000) of turns of very fine wire. When a spark is 
required in a particular cylinder, the cam opens the contact 
breaker points and this induces high voltage in secondary. 
The high voltage is of the order of 2400 volts. At the same 
time the distributor arm comes opposite to the point from 
where the wire leads to the spark-plug of the particular 
cylinder and so the high voltage induced in the secondary 
gives a spark at the spark-plug. The function of the ignition 
coil is to step-up 6 or 2 volts from the battery to the high 


tension voltage of about 24,000 volts. 
Magnet Ignition System 


This type of ignition system does not require a battery. 
It generates its own voltage for the primary. Here an 
armature having wound upon it in the primary coil of a few 
hundred turns of enamelled copper wire and secondary coil 
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pipe from the pump connected j 


is the delivery 
aor assembly, 


the injector or atom 
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i] 


| 
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-> ee eet ee 


Sa oe aa 
Poena 


1 Sec. 
l 00000004 . 
Injector 
HOO00000 A is the nozzle body, | 
i B isthe nozzle valve resting on the nozzle body sont 
, ' 
Rotor Cis valve cap nut holding the nozzle and the body 
with the nozzle valve in between, 
D isspindle, one end of which is resting on the nozzle 
valve and the other on a veal for the spring, 
ara ca E isspring. The compression of this spring Controls 
|»_—_1_1—__ aii the pressure at which the nozzle valve can Tift up 
due to fuel pressure, Thus this spring controls the 
‘niaction Dre eo The fuel must be ingected at 
Contact injection pressure. Phe fuc n J oiy i 
— breaker pressure much higher than the pressure in tho 
watt $ engine cylinder developed due to combustion of | 
Cam fuel-air charge. The fuel continues to be injected | 
at the maximum pressure reached in the cylinder, 
Condenser And the fuel to be injected must be atomised and 
possess high velocity 80 that the atomised particles | 
Fig. 3.8 go deep in the combustion space. Thus pressure 
igh as 12 50 kgf/cm? or even more might 
several thousand turns of fine insulated wire, rotates ina 5 ce a oN l af * aara bich veladi Ai 
-manent magnetic field. The modern trend is to keep the se ps eve : K is l and Sy seduction f 
nature stationary and the magnets rotating. By this action, on re í egree of atomising ; 
ə primary voltage is generated in accordance with the laws the ja : 
electric generator, which is then transformed into a very F is spring cap nut. 
gh secondary voltage exactly on the lines described in the G is compression screw to adjust the compression of 
attery Ignition System. the spring. 
The magneto system is used in high speed engines H is protecting cap for the compression screw so that 
ke scooter, motor cycles, racing cars, aeroplanes etc. the nut which is vital for the operation of the 
. injector is not mishandled. 
uel Pump and Injector E N 
Refer Fig. 3.9 J is feeling pin. When the fuel is injected the spindle 
p | B. k chi hi bad trih will jump up and the feeling pin will also jump 
fe FAG. Winey is connected to the governor up. This jerky motion of the feeling pin ensures 
mechanism or the accelerator through various injection of fuel 
h linkages. It meshes with quadrant of the gear Q E ee ae i the leak off f l ' 
t, and the motion of the rack rotates the quadrant Q. is nipple connecting the leak Ol) Irom the sides 0 
as ee the spindle to the overflow container. 
i Q is quadrant of the gear to which hollow cylindrical 
L is fuel delivery connection. 


portion with slot at the bottom is attached. The 
slot engages with the bottom of the plunger R. 
Thus plunger will also rotate as a result of the 
movement of the quadrant. 
is plunger which is operated by the cam mounted 
on the cam shaft. It will reciprocate up and down 
with constant stroke. 
is the barrel in which fuel enters at the fuel inlet 
and overflows from fuel overflow passage. 
is the valve and seat. It is a non return valve and 
is kept in position by the spring T. When the 
pressure in the barrel exceeds a predetermined 
value, the valve opens against the compression of 
the spring and pressure above the valve due to 
E fluid in the delivery pipe. Thus the pressure 
a developed in the barrel depends upon the stiffness 
| of spring T and the fluid pressure above the valve. 
is the spring housed in the body which can be 
screwed in or out and vary the compression of the 
Iting in the pressures to be developed 
] to open the valve. 





spring, resu 
in the barre 






When the fuel under pressure is led to the injector, 
the valve lifts from the seat against the compression of the 
spring and fuel is sprayed through nozzle hole or hoses. 


The system of operation of the pump element which 
comprises the plunger and barrel is shown in Fig. 3.10. When 
the plunger is at the bottom dead centre as at (a), oil enters 
through the ports. In the primed system, the barrel and the 
delivery pipe W are full of oil. As the pump plunger rises, 4 
certain amount of fuel is pushed back through the ports until 
the plunger reaches the position as at (b), where the top land 
of the plunger has closed both the ports. The fuel above thé 
plunger is then trapped and its only outlet is via the delivery 
valve on the top of the pump barrel. The pressure exerted by 
the rising plunger upon the oil causes this to lift the valvé 
and to enter the pipe which connects the pump to the injector 
As this is already full of oil, the extra oil, which is being 
pumped in at the pump end, causes a rise in pressure 
throughout the line and the nozzle valve. This permits oil t0 
be sprayed into the engine conbustion chamber. This 
continues until the plunger reaches the position as at (c) 
Here the lower edge of control helix has uncovered the port, 


Scanned by CamScanner 


mes ee ae semen ar Ne, 


TATE eck — 


SPE re cane eet: 













eS, REFRIGERATION AND AIR CONDITIONING 











Ui 


Uf ill 


f 


u 


UM 


m pidid 
Bi eie an ioni 
sas maei Soeg 
s ee wwe 

Sampai sinen 
orias , piaia nan 
oaa 


TOTT 
Tid ddddddd 


y vi y of vertical slot. This causes the delivery valve to shut 
r r the action of its spring and with consequent collapse 
essure in the pipe line, the nozzle valve also shuts. 
ze : The plunger stroke is always constant, but that part 
tduring which it is actually pumping 1S variable. By means 
Ihe helical edge which runs around the plunger. which 
if can be rotated within the barrel, it is possible to make 
S point of cut-off occur earlier, or late, in the stroke. 








allowing the fuel to be bypassed to the suction chamber | 


| at which the helical edge will uncover the port is à 
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Fig. 3.10 


Compare drawings (c), (d) and (e) which show approximately 
the positions at full load, half load and idling respectively. 
To stop the engine the plunger is turned so that vertical slot 
coincides with the port as at (fA during the whole of the stroke. 


thus no fuel is delivered. The position of the plunger ye 


by rotating the plunger axially by means of toothed ores 
mating with the rack rod which controls gjmultaneous!y © 
pump element. 
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wo Stroke and Four Stroke Engines 


Advantages of Two Stroke gran 
atten 
(1) In two stroke engine, one power n 
per revolution of crank. Thus for same capa a 
nearly double power is developed in compar!’ 
engine. 
(2) Since there is one W 


Comparison of T 
is obtained 
and speed, 
four stroke 


orking stroke per crank 


revolution, therefore turning moment is aed ote vv 

lighter flywheel is sufficient. This is why, yp 

is very suitable for light vehicles, like scooters. N 
(3) Weight/power ratio is less for two stroke engine. 


(4) The complicated valve mechanism is got a of. 
Lubrication difficulties and noise due to moving parts in y 
stroke are overcome in two stroke engine. Mechanica | 
efficiency is higher due to absence of valve rockers, cams an 
camshafts. 

(5) Two stroke engine can be run in either direction. 
Therefore no reversing gears are needed. 

(6) Overall cost is less. 


Disadvantages 
(1) Scavenging (removing of exhaust gases from the 
cylinder) is very poor. Therefore dilution of charge takes place 
and though there is one power stroke per revolution, thermal 
efficiency is less. Overall efficiency is low at high speeds due 
to poor volumetric efficiency. 
(2) High compression ratios can’t be achieved due to 
ports, therefore efficiency is less. 
(3) In petrol type two stroke engine, the fuel mixture 
in dispelling exhaust gases out of cylinder also moves along 
with that. Therefore there is loss of fresh charge. 


(4) At high loads, running is not very smooth due to 
. dilution of charge. 






















(5) Consumption of lubricating oil is too much as it 
és also moves along with the charge in form of vapours. This is 
i because lub oil gets heated up and its vapours mix with the 
___ fresh charge. 
ene < Combustion takes place more rapidly if the fuel air 
mixture is in a state of turbulence. 
ratio. Theoretically, 15: 1 ratio is required 
tual practice higher ratio 17 : 1 is used. 
sed for maximum power. Diesel engines 
fuel ratio also. 


t i d 
is caused due to a pressure wave 


wt 


of rapid auto-ignition of a portion of a 


, gi es can be reduced by the 
Eta Saat ethide or ethyl fluid to the 


an petrol engines can be 
Marge away from the spark 


plug has Jow ¢ 


MECHAM” watts!) | 


mperature, long ignition delay, 
ased by reducing compression 
the engine speed with fixed octane rating 
wer knocking in petrol engines 18 increased by 
ne seat ling water temperature, supercharging. 
increase In COO ing a nT ake cake 


, knocking tendenc ni 
Bee by reducing the delay period, increasing the 
prevente , 


regsion ratio, inlet pressu re of air ea p kaisa 
onor it is increased by high self RN ampera ure, 
low volatality, high viscosity, long ignition delay uced 


compression ratio. 
Auto-ignitio 

without external source 
It is accelerated by normal hep 


Jensity, low te 


m ‘c also decre 
and rich ixture. Itis also decr 
í 


ratio, and increasing 


n is the phenomenon of fuel catching fire 
of ignition energy. 
tane and resisted by 


iso-octane. 
iso ieni n is the process of breaking up the petrol 
into fine particles and mixing it with air in desired proportion. 
This is achieved by a device called carburettor. 

Ignition system. In petrol engine, the charge is 
ignited by a spark plug. A high voltage (20,000 volts) is 
produced by an ignitor coil and applied to spark plug by a 
distributor. The gap between two electrodes of spark plug is 
of the order of 0.3 to 0.7 mm. 

Supercharging is the process of supplying greater 
mass of air to engine cylinder by compressing intake air 
initially with a view to obtain high power. This is essential 
at high altitudes where density of atmospheric air is low. 

Scavenging is process of removing the burnt gases 
from engine cylinder. 

Pre-Ignition. It is caused by the spontaneous 
combustion of the mixture before the end of the compression 
stroke in spark-ignition engine, i.e., even before the spark 
occurs in the spark plug. It may occur due to the cylinder 
walls being too hot, or red hot carbon deposited, or overheated 


sparking plugs, or the pressure wave due to detonation. It 
may also be due to faulty timings. 


Ignition delay. If occurs with a weak mixture, which 
causes retarded ignition. 


Indicated HP is the power produced inside the 


cylinde ise pa Sid j 
ylinder ii is equal to 4500? where p „= mean effective 
pressure in kp/em*, L = stroke length in m, A 


— 
ó | = area in m 
and N = No. of power strokes per mt. 


Brake HP is the power available at shaft 
BHP = IHP + FHP 


ae | (FHP = Friction horse power) 
tee umber. It is defined as the percentage by 
a Aiea AE ın a mixture of iso-octane and 
al e mee snows the same tendency to knock as the 
— question under same conditions. Ignition lity of 
3 IS Expressed by octane number. i 
Cetane Number, It is de 

the volume of cetane in a mixtu 
napthalane which has the same 
question under saime conditions, 


fined as the percentage by 
re of cetane and a-methy!- 
ignition delay as the fuel i? 
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\ - 1C. ENGINES, REFRIGERATION AND AIR CONDITIONING 


Ignition quality of diesel oil is expressed by Cetane 


number. 
Engine Efficiencies 


Volumetric efficiency 


Mass of air admitted tocylinder 
during suction stroke 
Mass of free air equivalent to 
piston displacement 


Air standard efficiency 


_ heat supplied — heat rejected 
Heat supplied 


It is the hypothetical efficiency used to compare the 
efficiencies of various cycles. 


B.H.P 
Mechanical n = ——— 
echanical n LHP” 
measured from an indicator diagram and for multi cylinder 
by Morse test. 
Thermal efficiency based on I.H.P. (Indicated thermal 


efficiency). 


For single cylinder, IHP is 


B I. H.P x 4500 
~ Total heat in fuel/mt. x 427 
Thermal n based on B.H.P. (Brake thermal efficiency) 
B.H.P x 4500 
~ Total heat in fuel/mt. x 427 
(This is also called overall n), 
Thermal n 
~ Air Standard N 
Actual work done 
Isentropic work done 


Relative efficiency 


Isentropic efficiency 


Fuel consumption/hr 


. ti = 
Specific fuel consumption Horse Power 


(H.P. may be I.H.P. or B.H.P.). 

Performance curves. Performante curves for I.C. 
engines are plotted at variable speed. Most economical speed 
for an engine is one at which specific fuel consumption is the 
minimum and thermal efficiency is maximum. Maximum 
power is developed at speed somewhat above the speed 
corresponding to maximum efficiency.’ Refer Fig. 3.11 
providing details of perfomance of I.C. engines at various 
speeds and power levels. 


Mechanical efficiency 


——» Brake power 


(a) 





Volumetric n 


Speed 
(b) 


p Rich 
Correct 
Weak 





Effect of mixture strength V 
on p—v diagram 


(c) 


Rich 






Correct 
Weak 







Crank angle, 8 
Effect of mixture strength on p—9 diagram 


(d) 


Rich\ 


Max. power 
Weak 





Specific fuel 
consumption, SFC 


Max. economy 





Consumption loop, Brake power 


(e) 






Indicated Brake 
/ power power 
Indicated 
x (MEP) 
<\ Brake 


MEP 





Speed, N 
Power, MEP vs Speed 
(f) 


Fig. 3.11. Performance curves. 
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MULTIPLE CH 


f four stroke engine is 


i eo 
1. The working cyc in ens ber of revolutions of 


completed in following num 


crankshaft 

(a) 1/2 (b) 1 
(c) 2 (d) 4 
(e) 8. 


In a Diesel engine, the fuel is ignited by 
(a) spark (b) injected fuel 


(c) heat resulting from compressing air that is 
supplied for combustion 


(d) ignitor 
(e) combustion chamber. 
3. Scavenging air in diesel engine means 
(a) air used for combustion sent under pressure 
(b) forced air for cooling cylinder 
(c) burnt air containing products of combustion 


(d) air used for forcing burnt gases out of engine’s 
cylinder during the exhaust period 


(e) air fuel mixture. 
4, Supercharging is the process of 


(a) supplying the intake of an engine with air at a 
density greater than the density of the 
surrounding atmosphere 


(b) providing forced cooling air 


(c) injecting excess fuel for raising more load 


N (d) supplying compressed air to remove combustion 
, | products fully 
Á (e) raising exhaust pressure. 


5. Does the supply of scavenging air at a density greater 
than that of atmosphere mean engine is super- 
charged ? 


t 













a e (a Ji yes (b) no 


some extent (d) unpredictable 
epends on other factors. 


2 ratio of indicated thermal efficiency to the cor- 


<A 
D4 yi 


ding air standard cycle efficiency is called 


4 
Ty, 


efficiency 


Ae pha tha 
Pp eee) 


(b) efficiency ratio 
(d) overall efficiency 


nat 
a: 


9 of volumes of air in cylinder before 
aon stroke and after compression 


/cyli nder volume 


8. 


10. 


11. 


12. 


13. 


14. 


15. 


OICE QUESTIONS 






dard efficiency of an Otto cycle compare, 


air stan | my 
ta dies! cycle for the given compression ratio is 


(x) same (b) less 


(c) more | 
(d) more or less depending on power rating 

(e) unpredictable. 

The calorific value of gaseous fuels is expressed jy 
terms of 

(a) kcal 

(c) kcal/m? 

(e) all of the above. 
Indicated power of a 4-stroke engine is equal to 


(b) kcal/kg 
(d) keal/m? 


(a) pLAN (b) 2 pLAN 

(c) a (d) 4 pLAN 
pLAN 

(e) 4 


where, p = mean effective pressure, L = stroke, 


A = Area of piston and N = rpm of engine. 





sey etar APAS TIRLITTAN PRE SE EAE Oe RENE ae 
tar? > = y So i re 


PSOE TT SEI ELLY PY Te NY f 


If the intake air temperature of I.C. engine increases, — 


its efficiency will 
(a) increase (b) decrease 
(c) remain same (d) unpredictable 

(e) depend on other factors. 

All heat engines utilise 

(a) low heat value of oil (6) high heat value of oil 
(c) net calorific value of oil 


(d) calorific value of fuel (e) all of the above. 


ing 


(a) speed (b) temperature 


(c) volume of cylinder (d) m.e.p. and I.H.P. 


(e) BHP. 


Fuel oil consumption guarantees for 
usually based on 


(a) low heat value of oil (b) high heat value of oil 
(c) net calorific value of oil 


(d) calorific value of fuel (e) all of the above. 


Air standard Otto cycle efficiency is expressed as 
Yy — 
(a) 1- 8H b1- (17 
r Ar 
y+1 
(d) 1 - (=) 


=i 
wI- (=) 
r 
a 


(e) 8 , 
r 
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I.C. engine are | 


An engine indicator is used to determine the follow- © 


a. 
vs wr 
` 
2 
` EA 


een ES, REFRIGERATION AND AIR CONDITIONING 


eon 


ion ratio of an engine work; 
if compression ae ae On OF 
16. cycle is increased from 5 to 6, its air Standard A 
ciency will increase j 


(e) 25%. 


17, Ifthe compression ratio of an engine working on Otto 
cycle is increased from 5 to 7, the %age increase in 


efficiency will be 


(a) 2% (b) 4% 
(e) 27%. 


18. In case of gas turbines, the gaseous fuel consump- 
tion guarantees are based on 


(a) high heat value (b) low heat value 
(c) net calorific value (d) middle heat value 
(e) calorific value. 


19. In a typical medium speed 4-stroke cycle diesel en- 
gine the inlet valve 


(a) opens at 20° before top dead centre and closes at 
35° after the bottom dead centre 


(b) opens at top dead centre and closes at bottom 
dead centre 


(c) opens at 10° after top dead centre and closes 20° 
before the bottom dead centre 


(d) may open or close anywhere 
(e) remains open for 200°. 


20. The pressure and temperature at the end of com- 
pression stroke in a petrol engine are of the order of 


(a) 4-6 kg/cm? and 200 — 250°C 

(b) 6 - 12 kg/cm? and 250 — 350°C 
(e) 12 - 20 kg/cm? and 350 — 450°C 
(d) 20 - 30 kg/cm? and 450 — 500°C 
(e) 30 — 40 kg/cm? and 500 — 700°C. 


21. The pressure at the end of compression in the case 
of diesel engine is of the order of 


(a) 6 kg/cm? (b) 12 kg/cm? 
(c) 20 kg/cm? (d) 27.5 kg/cm? 
(e) 35 kg/cm? 


*2. The maximum temperature in the I.C. engine cylin- 
der is of the order of 
ʻa) 500 ~ 1000°C 
c) 1500 ~ 2000°C 
'e) 2500 ~ 3000°C 


co thermal efficiency of a diesel cycl 
Pression ratio, with increase in cu 


(b) 1000 — 1500°C 
(d) 2000 — 2500°C 


e having fixed 
t-off ratio will 


la) increase (b) decrease 
= be independent 
) May increase or decrease depending 0N othar 
ctors 


( 
©) none of the above. 





24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


Pick up the wrong statement 


(a) 2-stroke engine can run in any direction 


(b) In 4-stroke engine, a power stroke is obtained in 
4-strokes 


(e) thermal efficiency of 4-stroke engine is more due 
to positive scavenging 


(d) petrol engines work on Otto cycle 


(e) petrol engines occupy more space than diesel 
engines for same power output. 


Combustion in compression ignition engines is 
(a) homogeneous 
(c) both (a) and (b) 
(e) turbulent. 


The fuel in diesel engine is normally injected es- 
sure of 


(a) 5-10 kg/cm? 
(c) 60-80 kg/cm? 
(e) 150-250 kg/cm? 


(b) heterogeneous 
(d) laminar 


(b) 20-25 kg/cm? 
(d) 90-130 kg/cm? 


The specific fuel consumption per BHP hour for d. - 
sel engine is approximately 
(a) 0.15 kg (b) 0.2 kg 
(c) 0.25 kg (d) 0.3 kg 
(e) 0.35 kg. 
The temperature of interior surface of cylinder wall 
in normal operation is not allowed to exceed 
(a) 80°C (b) 120°C 
(c) 180°C (d) 240°C 
(e) 320°C. 
Sensitivity of a governor is specified as 

N max _ N min = 
© Ne * Noi 

N max _ N min 


O) N. + Nan) 200 


200(N nax — Nmin) 
Waast Nia) 
(N nar + Nmin) 
AN max — Nmin? 
(e) none of the above. 
Crankcase explosion in I.C. engines usually occurs 


as 
(a) first a mild explosion followed by a big explosion 


(b) first a big explosion followed by a mild explosion 

(c) both mild and big explosions occur 
simultaneously 

(d) never occurs 


(e) unpredictable. 
n loss in I.C. engines occurs due to 


(c) 


(d) 


Compressio 


(a) leaking piston rings 
(b) use of thick head gasket 
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(c) clogged air-inlet slots SS 
(d) increase in clearance volume caused by bearmg 
bushing wear 
(e) all of the above. 
32. The specific fuel consumption per 
petrol engine is approximately 


BHP hour for a 


(a) 0.15 kg (b) 0.2 kg 
(c) 0.25 kg (d) 0.3 kg 
(e) 0.35 kg. 


33. The air requirement of a petrol engine during start- 


ing compared to theoretical air required for complete 
combustion is 


(a) more (b) loss 

(c) same 

(d)may be more or less depending on engine 
capacity 

(e) unpredictable. 


34. The inlet value of a four stroke cycle I.C. engine re- 


mains open for nearly 


(a) 180° (b) 125° 
(c) 235° (d) 200° 
(e) 275°. 

35. Which ofthe following is not an internal combustion 
engine ? 
(a) 2-stroke petrol engine (b) 4-stroke petrol engine 
(c) diesel engine 


(d) gas turbine 
(e) steam turbine. 


Pick up the false statement 


(a) Thermal efficiency of diesel engine is about 34% 


(b) Theoretically correct mixture of air and petrol is 
approximately 15:1 


36. 


(c) High speed compression engines operate on dual 
combustion cycle 

(d) Diesel engines are compression ignition engines 

(e) S.I. engines are quality-governed engines. 

If one cylinder of a diesel engine receives more fuel 

than the others, then for that cylinder the 

(a) exhaust will be smoky 

(b) piston rings would stick into piston grooves 

(c) exhaust temperature will be high 

(d) engine starts overheating 

(e) scavenging occurs. 

The output of a diesel en 

out increasin 

lowing way 

(a) feeding more fuel 

(b) increasing flywheel size 

(c) heating incoming air 

(d) scavenging 

(e) Supercharging. 


It the temperature of intake 


air in IC j . 
ered, then its efficiency will engines is low- 
(a) increase 


(b) decrease 

(c) remain same 
(d) increase upto certain lim 
(e) decrease upto certain li 


37. 


38. 


gine can be increased with- 
g the engine revolution or size in fol- 


39. 


it and then decrease 
mit and then increase. 





40. In a typical medium speed 4-stroke cycle diese M 


41. 


: 


47. 


. The precess of breaking up or a liquid into fine drop : 





(a) compression starts at 35° after bottom dea fi 
centre and ends at top dead _, : 
(b) panpe sepoi ead centre an 
s at top cea q 
(c) comic starts at 10° before bottom dex d 
centre and ends just before top dead centre . 
(d) may start and end anywhere 
(e) none of the above. g 
same compression ratio 
penton cycle is more efficient than the Diesel 
(b) Diesel cycle is more efficient than Otto j ; 
(c) both Otto and Diesel cycles are equally efficien 
(d) compression ratio has nothing to do 
efficiency 
(e) which is more efficient would depend on engir 
capacity. 





E 
` E 
4 


lets by spraying is called 
(a) vaporisation 


(6) carburetion 
(c) ionisation 


(d) injection 
(e) atomisation. 


. As a result of detonation in an I.C. engine, followiz 


parameter attains very high value 


(a) peak pressure (b) rate of rise of pressu: | 
(c) rate of rise of temperature 
(d) peak temperature 


(e) rate of rise of horse-power. 

Which of the following statements is correct? 

(a) All the irreversible engines have same efficient? : 

(b) All the reversible engines have same efficiency © 

(c) Both Rankine and Carnot cycles have sart. 
efficiency between same temperature limits _ 

(d) All reversible engines working between sam. 


temperature limits have same efficiency 
(e) Between same t 


emperature limits, both pet 
and diesel engines have Same efficiency. 

Most high speed compression engines operate 02 

(a) Diesel cycle 


(b) Otto cycle 
(c) Dual combustion cycle > 
(d) Special type of air cycle 
(e) Carnot cycle. i 
S ay cylinder, four stroke, diesel engine oper i 
gat 00 rpm, the duration of fuel injection is | 
e time in secon 


would be ds during which fuel is injet” | 
l l 
(a) — | 
360 “°° OSes | 
(c) 2. - 
180 (dD È sec 
(e) E Sx 0 
1440 ““* 
ther lina i al 
than the thes Ctenel engine receives more Ê ie 


ind Ous condition for 
er and can be checked by an 
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49. 


50. 


ol. 


52. 


53. 


checking Gerben Peaitt-up around piston rings 
(c) judging piston seizure 


(d) checking cylinder exhaust temperature with a 
pyrometer 


(e) checking overheating of engine. 


. The accummulation of carbon in a cylinder results 


in increase of 

(a) clearance volume 
(c) ignition time 

(d) effective compression ratio 
(e) valve travel time. 


(b) volumetric efficiency 


Which of the following medium is compressed in a 
Diesel engine cylinder ? 
(a) air alone 

(c) air and lub oil 

(e) air, fuel and lub oil. 
Fig. below shows the curves of efficiency versus com- 
pression ratio for various cycles in I.C. engines. For 
constant-volume cycle, the curve applicable is 


(b) air and fuel 
(d) fuel alone 


Efficiency —» 





Compression ratio —— 


(b) B 
(d) D 


(a) A 

(c) C 

(e) none of the above. 

Pick up the false statement 

(a) I.C. engines have higher efficiency than steam 
engines 

(b) Heavy oil engines run on Diesel cycle 

(c) Gas engine works on Otto cycle 

(d) Injection of fuel by external means is not 
required in mixed cycle 

(e) A two stroke engine has no valves. 


For constant pressure cycle, the curve applicable in 
Fig. above is 

(a) A (b) B 

(c)C (d) D 


(e) none of the above. 

For mixed cycle (or limited pressure cycle), the curve 
applicable in Fig. above is 

(a) A (b) B 

(e) C (d) D 


(e) none of the above. 


. The air-fuel ratio of the petrol engine is controlled 
by 
(a) fuel pump (b) governor 


(c) injector (d) carburettor 


(e) scavenging. 


lete combustion in that cylinder 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


O ERIE 


os Eos 


55. In a typical medium speed, 4-stroke cycle diesel 


engine 

(a) fuel injection starts at 10° before top dead centre 
and ends at 20° after top dead centre 

(b) fuel injection starts at top dead centre and ends 
at 20° after top dead centre 

(c) fuel injection starts at just before top dead 
centre and ends just after top dead centre 

(d) may start and end anywhere 

(e) none of the above. 

Diesel fuel, compared to petrol is 

(a) less difficult to ignite 

(b) just about the same difficult to ignite 

(c) more difficult to ignite 

(d) highly ignitable (e) none of the above. 

In diesel engine the diesel fuel injected into cylinder 

would burn instantly at about compressed air tem- 

perature of 


(a) 250°C (b) 500°C 

(c) 1000°C (d) 1500°C 

(e) 2000°C. 

When crude oil is heated, then which of the follow- 


ing hydrocarbon is given off first. 

(a) kerosene (b) gasoline 

(c) paraffin (d) diesel 

(e) natural gas. 

The rating of a diesel engine, with increase in air- 

intlet temperature, will 

(a) increase linearly 

(b) decrease linearly 

(c) increase parabolically 

(d) decrease parabolically 

(e) first decrease linearly and then increase 
parabolically. 

A 75 CC engine has following parameter as 75 CC 

(a) fuel tank capacity (b) lub oil capacity 

(c) swept volume (d) cylinder volume 

(e) clearance volume. 

A heat engine utilises the 

(a) calorific value of oil (b) low heat value of oil 

(c) high heat value of oil (d) mean heat value of oil 

(e) all of the above. 

Gaseous-fuel guarantees are based on 

(a) calorific value of oil (b) low heat value of oil 

(c) high heat value of oil (d) mean heat value of oil 

(e) all of the above. 

Fuel consumption of diesel engines is not guaran- 

teed at one quarter load because at such low loads 

(a) the friction is high 

(b) the friction is unpredictable 

(c) the small difference in cooling water temp- 
erature or in internal friction has a dispro- 
portionate effect 

(d) the engine is rarely operated 

(e) none of the above. 
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64. Polymerisation is a chomical process in which mol 
ecules ofa compound become | 
(a) larger (b) slowed down 
t smaller (d) liquid 
>) RASCOUN, 
G5. he tens scavenging is generally associated with 
(a) 2-stroke cycle engines (b) destroke cycle ON ETNOS 
(c) aeroplane engines (e) diesel engines 
te) high efficiency engines, E 
GG. In diesel engine, the compression ratio in compari» 
son to expansion ratio is 
(a) same (b) loss 
(c) more (d) variable 
(e) more/less depending on engine capacity, 
67. The cam shaft of a four stroke LC. engine running 
at 1500 rpm will run at 
(a) 1600 rpm 
te) 3000 rpm 
(d) any value independent of engine speed 
(e) none of the above. 
68. Engine pistons are usually made of aluminium alloy 
because it 
(a) is lighter (b) wears less 
(c) absorbs shocks (d) is stronger 
(e) does not react with fuel and lub oil. 
69. Most high speed compression engines operate on 
(a) Otto cycle (b) Diesel cycle 


(c) Dual cycle (d) Carnot cycle 
te) Two stroke cycle, 


(b) 750 rpm 


70. The specific fuel consumption ofa petrol e 
pared to diesel engine of same H.P. is 
(a) same 
(c) less 


ngine com- 
(b) more 


(d) less or more depending on operating 
(e) unpredictable, 

71. A diesel engine as compared to pe 
running arrated load) is 
(a) more efficient (b) less efficient 
(c) equally efficient (d) unpredictable 
(e) other factors will decide it. 

72. The size of inlet valy 
exhaust valve is 
(a) more 
(c) same 


(d) more/less depending on capacity of engine 

(e) varies from design to design. 

In a typical medium speed, 4 stroke cycle diesel en- 

gine 

(a) expansion starts at 20° 
ends at 35° before bott 

(b) expansion starts at top dead cent 
re 
Just after bottom dead centre _— 


(c) expansion starts just bef 


ore top dead c 
ends just after bottom dead ae entre and 
(d) may start and end anywhere 


= (e) none of the above. 


conditions 


trol engine (both 


e of an engine in comparison to 


(b) less 





73 


after top dead centre and 
om dead centre 







MECHANICAL ENGINEERING — 


‘oughly for 
welo the apark laste roug 
J4. In a cyclo | aA 


(dD 0.001 see 


(a) 1 noe 
(¢) 0.01 see 
1) 0.0001 nec. | 

75. ca of the following is false KAARE con 
[xcou quantities of sulphur in diesel fue as e objec. 
Lionablo because it may cause the following 
(a) piston ring and cylinder wear 5 
(b) formation of hard coating on piston skirts 
(©) oil sludge in the engine crank case 
(d) detonation 
(e) forms corrosive acids, | 

76. Which of the following is false statement ? 

Somo of the methods used to reduce diesel smoke 

are as follows 

(a) using additives in the fuel | 

(b) ongine derating i.e., reducing the maximum flow 
of fuel 

(c) increasing the compression ratio 

(d) adherence to proper fuel specification 

(e) avoidance of overloading. 

77. Tho fuel air ratio in a petrol engine fitted with suc- 
tion carburettor, operating with dirty air filter as 
compared to clean filter will be 
(a) higher (b) lower 


(c) remain unaffected (d) unpredictable 
(e) none of the above. 


Pick up the wrong statement about supercharging 

(a) supercharging reduces knocking in diesel 
engines 

(b) there can be limited supercharging in petrol 
engines because of detonation 

(c) supercharging at high altitudes is essential 

(d) supercharging results in fuel economy 

(e) supercharging is essential in aircraft engines, 


79. The actual volume of fresh charge admitted in 
4-stroke petrol engine is 


(a) equal to stroke volume 
(b) equal to stroke vo 
(c) less than Stroke v 
(d) more than strok 
(e) more than cylin 
The magneto in an 
(a) transformer 

(c) capacitor 

(e) a.c. generator, 
The reason for su 
(a) increase effici 
(c) reduce weigh 
(d) effect fuel economy 
(e) none of the above. 
The operation of forci 
Sure in the engi 
(a) Scavenging 
(c) Supercharging 

(e) dissociation and carbu 


78. 





lume and clearance volume 
olume 


e volume 

der volume. 

automobile is basically 
(b) d.c. generator 
(d) magnetic circuit 


80. 


81. 





percharging in any engine is to 
ency (b) increase power 


82. 


~ 


(b) turbulence 
(d) pre-ignition 
rretion of fuel. 
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83. Supercharging is essential in 
(a) Diesel engines (b) gas turbines 
(c) petrol engines (d) aircraft engines 
(e) marine engines. 
84. The minimum cranking speed in case of petrol en- 
gine is about 
(a) half the operating speed 
(b) one-fourth of operating speed 


(c) 250-300 rpm (d) 60-80 rpm 
(e) 10-20 rpm. 


85. In a typical medium speed 4 stroke cycle diesel en- 
gine 
(a) exhaust valve opens at 35° before bottom dead 
centre and closes at 20° after top dead centre 
(b) exhaust valve opens at bottom dead centre and 
closes at top dead centre 
(c)exhaust valve opens just after bottom dead 
centre and closes just before top dead centre 
(d) may open and close anywhere 
(e) none of the above is true. 
86. Flash point of fuel oil is 


' (a) minimum temperature to which oil is heated in 

i order to give off inflammable vapours in 
sufficient quantity to ignite momentarily when 
brought in contact with a flame 

(b) temperature at which it solidifies or congeals 

(c) temperature at which it catches fire without 
external aid 

(d) indicated by 90% distillation temperature, i.e. 
when 90% of sample oil has distilled off 

(e) none of the above. 


l 


n 87. The mean effective pressure obtained from engine 
indicator indicates the 
(a) maximum pressure developed 
(b) minimum pressure 
' (c) instantaneous pressure at any instant 
y (d) exhaust pressure 
(e) average pressure. 
88. For the same power developed in I.C. engines, the 
cheaper system is 
(a) naturally aspirated (b) supercharged 
(c) centrifugal pump (d) turbo charger 
(e) none of the above. 

89. Installation of supercharger on a four-cycle diesel 
engine can result in the following percentage increase 
in power 
(a) upto 25% (b) upto 35% 

(c) upto 50% (d) upto 75% 
á (e) upto 100%. 

90. Scavenging is usually done to increase 
(a) thermal efficiency (b) speed 
(c) power output (d) fuel consumption 

‘ (e) all of the above. 
ft 91. Which of the following is the lightest and most vola- 
tile liquid fuel ? 
(a) diesel (b) kerosene 


Ee 
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(c) fuel oil 
(e) lub oil. 

92. The theoretically correct air fuel ratio for petrol en- 
gine is of the order of 


(d) gasoline 


(a)6:1 (6)9:1 
(ey 12% 1 (dq) 15:1 
(e) 20:1. 
93. Air fuel ratio for idling speed of a petrol engine is 
approximately 
(a) 1:1 (b)5:1 
(c) 10:1 (d)15:1 
(e) 20: 1. 
94. Air fuel ratio at which a petrol engine can not work 
is 
(a) 8:1 (b) 10:1 
(c)15;1 (d) 20 : 1 and less 


(e) will work at all ratios. 


95. For maximum power generation, the air fuel ratio 
for a petrol engine for vehicles, is of the order of 


(a)9:1 (b)12:1 
(c) 15:1 (d) 18:1 
(e) 20: 1. 


96. The following volume of air is required for consum- 
ing 1 litre of fuel by a four stroke engine 


(a) 1 m? (b) 2.5 m? 
(c) 5-6 m? (d) 9-10 m8 
(e) 15-18 mê. 


97. Pour point of fuel oil is the 
(a) minimum temperature to which oil is heated in 
order to give off inflammable vapours in suff- 


icient quantity to ignite momentarily when 
brought in contact with a flame 


(b) temperature at which it solidifies or congeals 

(c) it catches fire without external aid 

(d) indicated by 90% distillation temperature i.e., 
when 90% of sample oil has distilled off 

(e) temperature at which it flows easily. 


98. A 5 BHP engine running at full load would consume 
diesel of the order of 


(a) 0.3 kg/hr (b) 1 kg/hr 
(c) 3 kg/hr (d) 5 kg/hr 
(e) 10 kg/hr. 


99. Diesel engine can work on very lean air fuel ratio of 


the order of 30 : 1. A petrol engine can also work on 
such a lean ratio provided 


(a) it is properly designed 
(b) best quality fuel is used 
(c) can not work as it is impossible 
(d) flywheel size is proper 
(e) engine cooling is stopped. 

100. A diesel engine has 
(a) 1 valve 
(b) 3 valves 
(e) no valve. 

101. A high flame speed is obtained in diesel engine when 
air fuel ratio is 


(a) uniform throughout the mixture 


(6) 2 valves 
(d) 4 valves 
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(ò) chemically correct mixture 
(ec) about 3-5% rich mixture 
(d) about 10% rich mixture 
(e) about 10% lean mixture. 
102. The knock in diesel engine o | 
(a) instantaneous and rapid burnin 
part of the charge 
(ò) instantaneous Atuo iginit 
charge 
(e) delayed burning 0 
(d) reduction of delay period 
(e) all of the above. 
103. The air-fuel ratio in petrol engin 
(a) controlling valve opening/closing 
(b) governing (c) injection 
(d) carburettion 
(e) scavenging and supercharging. 
104. Volatility of diesel fuel oil is 


(a) minimum temperature to w 
order to give off inflamma 
sufficient quantity to ignite momenta 
brought in contact with a flame 

(b) temperature at which it solidifies or congeals 

(c) it catches fire without external aid 

(d) indicated by 90% distillation temperature, i.e., 
when 90% of sample oil has distilled off 

(e) temperature at which it flows easily. 


105. Which is more viscous lub oil ? 


ccurs due to 
g of the first 


ion of last part of 


fthe first part of the charge 


es is controlled by 


hich oil is heated in 
ble vapours in 
rily when 


(a) SEA 30 (b) SAE 40 
(c) SAE 50 (d) SAE 70 
(e) SAE 80. 


106. In the opposed piston diesel engine, the combustion 
chamber is located 
(a) above the piston (b) below the piston 
(c) between the pistons (d) anywhere 
(e) there is no such criterion. 
107. A stoichiometric air-fuel ratio is 
(a) chemically correct mixture 
(6) lean mixture 
(c) rich mixture for idling 
(d) rich mixture for over loads 
(e) the ratio used at full rated parameters. 
108. Inanaturally aspirated diesel engine, the air is sup- 
plied by 
(a) a supercharger 
(c) a vacuum chamber 
(e) forced chamber. 
109. In loop scavenging, the top of the piston is 
(a) flat (6) contoured 
(c) slanted (d) depressed 
(e) convex shaped. 
110. In the crankcase method of scavenging, the air pres- 
sure is produced by 
(a) supercharger 
(b) centrifugal pump 
(c) natural aspirator 


(b) a centrifugal blower 
(d) an injection tube 


111. 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 


120. 
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(d) movement of engine piston 


(e) reciprocating pump. o p 
In order to prevent formation of carbon on the inje, a 


tor, the temperature of nozzle tip should be 

(a) less than 100°C (b) between 100-250°C | 
(c) between 250—-300°C (d) between 400-500°¢ 3 | 
(e) between 500—1000°C. | ‘ 
The thermal efficiency of a petrol engine of two stroke! 
with crank case scavenging as compared to fou! 
stroke petrol engine with same compression ratio wi) | 
be E 
(a) higher (b) lower 
(c) same 

(d) depends on size of engine 

(e) unpredictable. 
Ignition quality of petro 
(a) Octane number 

(c) Calorific value 

(d) self ignition temperature 
(e) distillation temperature. 
Petrol is distilled at a temperature in range of 
(a) 30-65°C (b) 65—220°C 

(c) 220-350°C (d) 350-450°C 

(e) 450-550°C. 
Kerosene is distilled at 
(a) 30-65°C 

(c) 220—350°C 

(e) 450-550°C. 
Self-ignition temperature of petrol is of the order 


lis expressed by 
(b) Cetane number 


(b) 65-220°C p 
(d) 350—450°C 


(a) 150°C (b) 240°C 
(c) 370°C (d) 450°C 
(e) more than 500°C. 

Iso-octane 


(a) has octane number of 0 

(b) has octane number of 50 

(c) has octane number of 100 

(d) is an index of detonation quality 
(e) is an index of knocking quality. | 
Octane number is determined by comparing the pe 
formance of the petrol with the following hydro-ca" 


(b) mixture of normal heptane and iso-octane 
(c) alpha methyl napthalene 

(d) mixture of methane and ethane 

(e) mixture of paraffins and aromatics. 
Cetane 

(a) has zero Cetane number 

(b) has 100 Cetane number 

(c) helps detonation 

(d) is a straight chain paraffin 

(e) determines the efficiency of an I.C. engine. 
Ethyl fluid is used 

(a) to increase the Octane rating of the fuel 
(b) to increase the Cetane rating of the fuel 
(c) as a defrosting agent 


a 
1 
1 
1 
. ; 
a 


bons 
(a) iso-octane | 









Scanned by CamScanner 





(d) as a superior type of fluid compared to others 
(e) to improve lubricating quality of fuel. 


. The self-ignition temperature of die 


to petrol is sel oil compared 


(a) higher (b) lower 
(c) same 
(d) depends on quality of fuel 


(e) unpredictable. 

Normal heptane 

(a) accelerates auto-ignition 

(b) helps to resist auto-ignition 

(c) does not affect auto-ignition 

(d) has no relation with auto-ignition 
(e) retards auto-ignition. 


. Cetane number is determined by comparing the per- 


formance of diesel oil with the following hydrocar- 
bons 


(a) cetane 


(b) mixture of cetane and alphamethyl napthalene 

(c) ethylene dibromide 

(d) mixture of aldehydes and ketones 

(e) mixture of cetane with tetra-ethy] lead. 

124. Which is correct statement about reaction time for 

___ autoignition of fuel and the fuel air ratio ? 

z (a) lean mixture has high reaction time 

(b) rich mixture has high reaction time 

(c) chemically correct mixture has minimum 
reaction time. 

(d) all of the above. 

(e) none of the above. 

. Violent sound pulsations within the cylinder of an 

I.C. engine are caused due to 

(a) heavy turbulence (b) improved scavenging 

(c) heavy supercharging (d) detonation 

~ (e) pre-ignition. 

(26. Auto-ignition temperature is 

(a) minimum temperature to which oil is heated in 
order to give off inflammable vapours in 
sufficient quantity to ignite momentarily when 
brought in contact with a flame 

(b) temperature at which it solidifies or congeals 

(c) that at which it catches fire without external aid 

(d) indicated by 90% distillation temperature, t.e., 
when 90% of sample oil has distilled off 

(e) indicated by 50% distillation temperature. 

7. Ignition lag is 

(a) the time taken by fuel after injection (before top 
dead centre) to reach upto auto-ignition 
temperature 

(b) time before actual fuel injection and the pump 
plunger starts to pump fuel 

(c) time corresponding to actual injection and top 
dead centre 

(d) time corresopnding to actual ignition and top 
dead centre 

(e) none of the above. 








129. 


130. 


131. 


132. 


133. 


134. 


135. 


136. 


137. 





- The spark plug gap is normally maintained at 


(a) 0.1 to 0.2 mm 
(c) 0.45 to 0.6 mm 
(e) 0.8 to 1 mm. 
The function of a fuel pump in a petrol pump is to 
(a) inject fuel in cylinder 

(6) supply fuel when carburettor fails 

(c) pump fuel so that it reaches carburettor 

(d) improve thermal efficiency 

(e) does not exist. 


(b) 0.2 to 0.4 mm 
(d) 0.6 to 0.8 mm 


The delay period in petrol engine is of the order of 
(a) 0.001 sec (b) 0.002 sec 

(e) 0.01 sec (d) 0.05 sec 

(e) 0.1 sec. 


Detonation is caused by the following unstable com- 
pounds 

(a) peroxides, aldehydes and ketones 

(b) peroxides, aldehydes, oxides and sulphides 

(c) aldehydes, oxides and ketones 

(d) ketones and sulphur compounds 

(e) none of the above. 

If overhead clearance is less, then the following type 
of engine should be selected 

(a) V-type (6) In-line 

(c) Vertical (d) Horizontal 

(e) Radial. 

Which is false statement about advantages of V-type 
engine ? 

(a) compact design requiring lesser space 

(6) improved distribution of air to cylinder 

(c) casting less liable to distortion 


(d) reduced torsional vibration because of shorter 
crankshaft 


(e) less overhead clearance. 

The pistons are usually given a coating such as tin 
plating in order to 

(a) reduce weight 

(b) conduct heat efficiently 

(c) reduce possibility of scoring 

(d) reduce friction 

(e) increase lubrication effect. 

Piston rings are usually made of 

(a) cast iron (6) aluminium 

(c) phosphor bronze (d) babbitt 

(e) carbon steel. 

Piston rings are plated with chromium, cadmium or 
phosphate in order to 
(a) reduce cost 

(c) prevent clogging 
(d) reduce wear and eliminate scuffing 
(e) improve heat transfer. 


(b) improve surface finish 


The top piston ring nearer to the piston crown is 
known as 

(a) compression ring (b) oil ring | 

(c) scrapper ring (d) groove ring 


(e) leading ring. 
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mele h upto auto-igniti | 
138. In order to prevent knock in the S.I. engines, the dead centre) to reac j aiiis 


ture 
uld have tempera a 
en rid sonny seh 1 TT (b) time before actual =~ — and the Pump 
a) low tempe tarts to pump tue } 
(c) long ignition delay (d) rich mixture a > E A actual injection and top 
(e) all of the above s ia — 7 
e 
l dead centre 
e saaei RAS = j eae on (d) time corresponding to actual ignition and top © 
Dp PAE RRE dead centre l 
(a) not true isai (by true at full toad (e) none of the above. | | 
5 = . a aa ee ee 147. Ignition quality of diesel-fuel oil is expressed by an | 
rue at bo 
TOR lled 
(e) there could not be any such criterion. A DREE I (b) Cetane number 
140. To reduce the possibility of knock in the C.I. engines, (a) Galorifie value (d) carbon content 


the first elements of fuel and air should have 
(a) high temperature (b) high density 

(c) short delay (d) reactive mixture 
(e) all of the above. 


(e) ignition temperature. 
148. For best results of efficient combustion, high speed 
Diesel engines need an approximate Cetane num- 


141. The detonation tendency in petrol engines for speci- $a i : 0 (b) 10 
fied conditions of fuel rating, compression ratio, speed (a (d) 5 
etc. can be controlled by having N 
(e) 1. 


(a) smaller cylinder bore 


(b) bigger cylinder bore 149. Calorific value of diesel oil is of the order of 

(c) medium cylinder bore (a) 3000 kcal/kg (b) 5000 kcal/kg 

(d) cylinder bore could be anything as it does not (c) 7500 kcal/kg (d) 10000 kcal/kg 
control detonation (e) 15000 kcal/kg. 

(e) proper stroke length. 150. Carbon residue in diesel oil should not be more than 

142. According to Recardo’s theory, detonation occurs due (a) 1% (b) 0.5% 

to (c) 0.1% (d) 0.01% 

(a) instantaneous auto-ignition of last part of (e) 0.001%. 
charge to be burnt 151. The most popular firing order in case of four cylin- 

(b) improper mixing of air and fuel der in-line I.C. engine is 

(c) improper combustion (a) 1-2-3-4 (b) 1-3-2-4 

(d) self ignition temperature has nothing to do with (c) 1-4-2-3 (d) 1-2-4-3 
detonation (e) 1-3-4-2. 

(e) none of the above. . ; . 

ee ee E ee 152. — ession ratio of pes cars 1S 

(a) higher self ignition temperature (c) 10 (d) 13 

(b) lower self ignition temperature (e) 16. 

(c) proper self ignition temperature l i , a: 

(d) self ignition temperature has nothing to do with iii oo gravity of diesel oil is 
detonation i (6) 0.7 

(e) none of the above. (c) 0.85 (d) 0.5 


(e) 1.25. 


144. The knocking in diesel engines for given fuel, will be 154. Freezing temperature of petrol ; ll 
. of petrol is usually 


(a) enhanced by increasing compression ratio 


(b) enhanced by decreasing compression ratio ta) vie (b) — 10°C 
(c) unaffected by compression ratio e) 10°C (d) less than — 30°C 
(d) first enhanced by increasig compression ratio e) less than — 273°C. 
upto a limit beyond which it will be suppressed 155. The specific gr avity of petrol is about 
(e) dependent on other factors. (a) 0.65 (6) 0.75 
145. The ignition of charge by some hot surface in the (c) 0.85 (d) 0.95 
engine cylinder before operation of spark plug is (e) 1.1. 
known as 156. Pick up the correct statement. Detonation can be ~ 
(a) auto ignition (6) pre-ignition controlled by l 
(c) retarded ignition (d) accelerated ignition (a) varying compression ratio 
(e) detonation. (b) using lean mixture 
146. Injection lag is (c) retarding the spark timing 
(a) the time taken by fuel after injection (before top (d) reducing the r.p.m. 


(e) increasing inlet pressure. 
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j The efficiency of I.C. engines normal 


T (a) 15-20% 
> (c) 25-30% 
T (e) 35-60%. 
ia, The firing order in a six stroke I.C. engine is 
(a) 1-3-6-5-2-4 (b) 1-4-2-5-6-3 

| (c) 1-6-2-5-4-3 (d) 1-5-2-6-3-4 

~ (e) 1-5-3-4-2-6. 


Sulphur content in diesel oil should not be more than 


(b) 20-25% 
(d) 30-35% 


‘eld 
BAS 


ni (a) 10% (b) 5% 
E o1% (d) 0.1% 


(e) 0.01%. 

The m.e.p. of a diesel cycle having fixed compression 
ratio with increase in cut-off will 

(a) increase 

(c) be unaffected 
N (d) depend on other factors 
~ (e) unpredictable. 


1 ( 1. The ash content in diesel oil should bot be more than 


(b) decrease 


(a) 1% (b) 5% 
(c) 0.1% (d) 0.01% 
(e) 0.001%. 


-~ 162. The pour point of diesel oil must be 

N (a) lower than the coldest atmospheric temperature 
i at which oil is to be pumped 

(b) higher than above 

(c) has no such relation 

(d) more than 100°C 

a (e) none of the above. 

e 163. High carbon content in diesel oil used for diesel en- 

ee gine leads to 

(a) production of highly corrosive gases corroding 
the cylinder walls and exhaust system 

(b) excessive engine wear 

(c)damaging of both the storage tank and the 
engine 

_ (d) deposition on engine parts 

(e) none of the above. 

Exhaust pipes of engines are covered with insulat- 

ing material in order to 

(a) keep the exhaust pipes warm 

(b) reduce formation of condensate 

(c) reduce heat transfer to the engine room 

| (d) increase engine efficiency 

(e) conserve heat. 

Ignition timing of a multi cylinder petrol engine can 

be adjusted by 

(a) rotating the crank 

(6) adjusting the spark plug gap 

(c) adjusting ignition coil position 

(d) rotating the distributor 

(e) delaying the spark by increasing capacitor in 
ignition circuit. 

Fuel consumption with increase in back pressure will 

(a) increase (b) decrease 


ly is of the order 
of 
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(c) remain unaffected 
(d) depend on other factors 
(e) none of the above. 
167. The cooling water requirement for diesel engine is 
of the order of 
(a) 0.2 to 1.0 litre per minute per h.p. 
(6) 1 to 3 litres per minute per h.p. 
(c) 5 to 10 litres per minute per h.p 
(d) 10 to 20 litres per minute per h.p. 
(e) 20-30 litres per minute per h.p. 
168. A 4-stroke diesel engine needs about following 
amount of air 
(a) 75 cc per min. per h.p. 
(b) 750 cc per min. per h.p. 
(c) 7500 cc per min. per h.p. 
(d) 75000 cc per min. per h.p. 
(e) 750000 cc per min. per h.p. 


169. Leakage past the piston rings and valve seats in I.C. 


engines with increase in speed 
(a) increases (b) decreases 


(c) remains same (d) unpredictable 
(e) none of the above. 


170. The heat wasted in diesel engine is of the order of 


(a) 80% (b) 65% 
(c) 50% (d) 35% 
(e) 25%. 


171. With increase in speed of vehicle, the back pressure 


will 

(a) decrease 

(c) remain unaffected 
(d) depend on other factors 
(e) none of the above. 


(6) increase 


172. The function of a distributor in an automobile is to 


(a) distribute charge equally to all the cylinders 
(b) regulate power 

(c) feed lub oil to all moving parts 

(d) time the spark 

(e) inject fuel at appropriate time. 


173. The ratio of useful power; engine friction: exhaust 


gas losses; cooling water, air and oil losses for a diesel 
engine is of the order of 


(a)5:25:30:50 
(c)25:5:10:60 
(e) 25 : 5: 35: 35. 


(b) 25:35:5:35 
(d) 40 :30:15:15 


174. For same power and same speed, the flywheel of a 


four stroke engine as compared to two-stroke I.C. 
engine will be 


(a) smaller 


(b) bigger 
(c) same size 


(d) dependent on other engine parameters 
(e) unpredictable. 


175. Air injection in I.C. engines refers to injection of 


(a) air only 
(c) liquid fuel and air 
(e) does not exist. 


(b) liquid fuel only 
(d) supercharging 
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176. Solid injection 1n I.C. engines ren 7 
(a) liquid fuel only (b) liquid fuel ae air 
(c) solid fuel (d) solid fuel an air 


(e) does not exist. 

177. The system of lubrication us 
scooters is by 
(a) forced lubrication system 
(b) splash lubrication 
(c) applying grease under 
(d) wet sump method 
(e) mixing about 5% lub oil with petrol. 

178. The m.e.p. of a petrol engine first increases as the 
fuel air ratio is increased and then decreases on fur- 
ther increase in fuel air ratio. The m.e.p. 18 maxi- 
mum in the zone of 
(a) lean mixture 
(b) chemically correct mixture 
(c) rich mixture (d) unpredictable 

(e) none of the above. 

179. The specific fuel consumption for a petrol engine first 
decreases with increase in fuel air ratio and then 
increases with further increase in fuel air ratio. The 
minimum value occurs in the range of 
(a) lean mixture 
(b) chemically correct mixture 
(c) rich mixture 
(d) unpredictable (e) none of the above. 

180. The thermal efficiency of a two cycle engine as com- 
pared to four cycle engine is 
(a) more (b) less 
(c) same 
(d) more upto some load and then less 
(e) it may be less or more depending on several 

other factors. 


ed for motor cycles and 


pressure 







181. Diesel engines as compared to petrol engines require 
(a) bigger flywheel (b) smaller flywheel 

(c) same size flywheel (d) no flywheel 

(e) flywheel whose size may be less or more 

depending on several other factors. 

Auto-ignition reaction time for petrol engine first 
decreases with increase in fuel air ratio, reaches a 
minimum value and then increases with subsequent 


: increase in fuel air ratio. The minimum value occurs 
in the region of 


(a) lean mixture 

(6) chemically correct fuel air ratio 

(c) rich mixture (d) unpredictable 

(e) none of the above. 

‘183. - tendency of a diesel engine to knock increases, 
(a) engine speed is increased 

(6) engine H.P. is increased 

(c) Octane number of fuel is increased 

(d) compression ratio is increased 

(e) engine has to move uphill. 
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The tendency of a petro 





| engine to knock increase 
















by | . 
(a) gupercharging (b) scavenging 


(c) increasing engine H.P. 

(d) reducing the spark a = 

(e) increasing cetane number of fu du 

Free acids in diesel oil for diesel engine lea a 

(a) production of highly corrosive par corroding 
the cylinder walls and exhaust sys 

ssive engine wear 

X PS of both the storage tank and the 
engine : 

(d) deposition on engine parts 

gsive fuel consumption. 


(e) exce . | 
Thermal efficiency of high speed diesel engine at 
design load may be of the order of 

(a) 20% (b) 35% 

(c) 50% (d) 70% 

(e) 85%. | 
The thermostat in I.C. engines permitting hot water 
to go to radiator is set around 

(a) 70-80°C (b) 80-85°C 

(c) 85-95°C (d) above 100°C 


(e) above 120°C. : 
The brake mean effective pressure of an I.C. engine f 
with increase in speed will > 
(a) increase (b) decrease 
(c) remain unaffected. 
(d) fluctuate according to engine speed 
(e) unpredictable. 
High ash and sediment in diesel oil used in diesel : 
engine lead to 
(a) production of highly corrosive gases corroding $ 
the cylinder walls and exhaust system : 
(b) excessive engine wear j 
(c) damaging of both the storage tank and the 
engine a 
(d) deposition on engine parts l 
(e) blocking of exhaust pipes. 
E of fuel and air in case of diesel engine occur : 


Py 


(a) injection pump 
(c) inlet manifold 
(e) engine cylinder. 
The advantage of reversing the flow of air in an # 1 
cleaner is to : 
(a) increase velocity of air ' 
(b) increase air flow 
(c reduce the velocity of air 
(a) throw out a large 
(e) cool the air. 

The most effective air cle 
gines is 

(a) dry type 


(b) injector 
(d) carburettor 


percentage of foreign matte! 4 
aner in case of diesel ” {i 


(b) wet type 
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193. 


194. 


195. 


196. 


197. 


198. 


199. 


200. 


(c) whirl type 


(d) oil bath type 
(e) all are equally good. 


Fins are provided over engine cylinder in scooters 
for 


(a) higher strength of cylinder 

(b) better cooling 

(c) good appearance 

(d) higher efficiency 

(e) easier handling and ease in manufacturing. 


The elements of most concern in regard to pollution 
caused by engines are 


(a) CO and CO, 

(c) CO, and hydrocarbons 
(d) carbon and dust 

(e) hot products of combustion 

The preferred location of an oil cooler is 


(a) before the filters (b) after the filters 
(c) between the filters 


(d) before and after the filters 
(e) any where. 


(6) CO and hydrocarbons 


The petrol from tank to the automotive engine is fed 
by 

(a) gravity 

(6) pump run by engine 

(c) suction pressure created by suction stroke 

(d) capillary action (e) fuel pump. 


In petrol engine, increase of cooling water tempera- 
ture will 


(a) increase the knocking tendency 

(6) decrease the knocking tendency 

(c) not affect the knocking tendency 

(d) increase or decrease knocking tendency depend- 
ing on strength and time of spark 

(e) unpredictable. 

Which of the curves in Fig. below is correct for a 

petrol engine 

(a) curve A 

(c) curve C 

(e) none of the above. 


(b) curve B 
(d) curve D 





Specific fuel 
consumption —»> 


50% of maximum mean 100% 
effective pressure —> 


Which of the curves in Fig. above is correct for a die- 
sel engine ? 

(a) curve A 

(c) curve C 

(e) none of the above. 
With increase in engine speed, the ignition of spark 
in petrol engine has to be 


(b) curve B 
(d) curve D 


201. 


202. 


203. 


204. 


205. 


206. 





(a) unaltered 
(c) decreased 
(e) retarded. 


(b) increased 
(d) advanced 


In petrol engines, the maximum power is developed 
corresponding to relative fuel air ratio of 


(a) 0.85 (b) 1.00 
(c) 1.1 to 1.3 (d) 1.2 to 1.5 
(e) 1.5 to 1.8. 


In petrol engine using a fixed octane rating fuel, in- 
crease of engine speed will 


(a) increase the knocking tendency 

(b) decrease the knocking tendency 

(c) not affect the knocking tendency 

(d) increase or decrease knocking 
depending on other factors 

(e) unpredictable. 


tendency 


Which is the correct curve in Fig. below for a petrol 
engine depicting the behaviour of specific fuel-con- 
sumption for various types of fuel air ratios, particu- 


larly with reference to the minimum specific fuel con- 
sumption ? 






RO 
“> 


Specific fuel 
consumption — > 


Lean-«—1.0—» Rich 
Fuel air ratio —> 

(a) curve A 

(c) curve C 

(e) none of the above. 


(b) curve B 
(d) curve D 


In petrol engine using fuel having fixed octane rat- 

ing, increase in compression ratio will 

(a) increase the knocking tendency 

(b) decrease the knocking tendency 

(c) not affect the knocking tendency 

(d) increase or decrease knocking tendency 
depending on strength and time of spark 

(e) unpredictable. 

In a petrol engine, which of the following gas gets 


exhausted out without burning and without trans- 
formation 


(a) O, 
(c) CO 


(e) nitrogen. 


(b) CO, 
(d) water vapour 


The level of fuel in the float chamber of a carburet- 
tor as compared to the level of the jet in the venturi 
is 

(a) same (b) higher 

(c) lower (d) may be anywhere 

(e) varies from situation to situation. 
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. Incarburettors, the top of the fuel jet with reference 
to the level in the float chamber 1s kept at 
(b) slightly higher level 


(a) same level 
(d) may be anywhere 


(©) slightly lower level 
(e) varies from situation to situation. 
Carburretion is done to 

(a) feed petrol into cylinder 

(6) govern the engine 

(e) break up and mix the petrol with air 
(d) heat up the charge to cylinder 

(e} scavenge the cylinder. 


Power impulses from an I.C. engine are smoothed 
out by 

(a) governor (6) crank shaft 

(c) gear box (d) flywheel 


(e) timing spark properly. 


210. The theoretically correct mixture of air and petrol is 
approximately 
(a)S:1 (b) 12:1 
(c) 15:1 (d) 20:1 
(e) 24:1, 
211. For low speed operation or for idling in petrol engines, 


212. 


213. 






















214. 


215. 


the engine requirements are for 
(a) lean mixture 
(6) theoretically correct mixture 
(c) rich mixture 
(d) any type of mixture 
(e) lean/rich mixture depending upon capacity of 
engine. 
In petrol engines, advancing the spark timing will 
(a) increase the knocking tendency 
(b) decrease the knocking tendency 
(c) not affect the knocking tendency 
(d) increase or decrease knocking tendency 
depending on strength and time of spark 
(e) unpredictable. 
The following type of carburettor is preferred 
(a) concentric type (b) eccentric type 
(c) horizontal type (d) vertical type 
(e) none of the above. 
In the passenger cars, the following type of carbu- 
rettor is preferred 
(a) horizontal type 
(6) downward draught type 
(c) upward draught type 
(d) inclined draught type 
(e) any one of the above types. 
The essential equipment for producing high voltage 
for sparking in petrol engines with battery is 
(a) ignition coil 
(6) ignition coil and distributor 


~ (c) ignition coil and condenser 

~ (d) ignition coil and contact breaker 

a (e) ignition coil, contact breaker and condenser. 

A The ignition coil in diesel engines produces voltage 
~ of the order of 


217. 


218. 


219. 


220. 


221. 


222. 


223. 


224, 
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(b) 240 volts 


to 12 volts 
So ate (d) 20,000 volts 


(c) 1000 volts 
(e) 80,000 volts. | 4 
If the door of a diesel engine crankcase is Openg| 
just after shutdown before cooling of engine, they q 
(a) efficiency of engine will be poor 

(b) there is a risk of explosion taking place 
(c) it is the safest practice 
(d) some parts may be subjected to thermal Stress, J 
(e) some lub oil may be wasted. ; 
The thermal efficiency of a diesel engine is of the. 
order of k 



















(a) 92% (b) 68% 

(c) 52% (d) 34% 

(e) 25%. | 
The thermal efficiency of a gas engine is of the ordery 

(a) 92% (b) 68% | 
(c) 52% (d) 34% 

(e) 25%. 


Theoretically, the following engine should have maxi. 

mum efficiency 

(a) gas engine 

(c) 4-stroke S.I. engine 

(e) 4-stroke C.I. engine. 

The part load efficiency of a carburettor is, 

(a) maximum (b) optimum 

(c) poor (d) constant 

(e) best. 

In petrol engine using a fixed octane rating fuel and} 

fixed compression ratio, supercharging will 

(a) increase the knocking tendency 

(b) decrease the knocking tendency 

(c) not affect the knocking tendency 

(d) increase or decrease knocking tendency 
depending on strength and time of spark 

(e) unpredictable. 

High sulphur content in diesel oil used for dies¢! 

engines leads to 

(a) production of highly corrosive gases corroding} 
the cylinder walls and exhaust system 

(b) excessive engine wear 7 

(c) damaging of both the storage tank and tht) 
engine | 

(d) deposition on engine parts 

(e) reduction in thermal efficiency. 


In open combustion chamber in diesel engines 
(a) the shape and layout of the piston crown, the | 
inlet port, and the valve produce the turbulen! : 
effect on fuel mixture E 
(b) fuel is injected into an auxiliary chamber that ® 
separated from the cylinder by an orifice “i 
throat | 
(c)only a part of air charge is contained in A 
auxiliary chamber in which the fuel starts "i 
burn with insufficient air which due to explosi 


tendency mixes thoroughly into main cylin 
charge 


(b) 2-stroke S.I. engine 
(d) steam engine 
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(d) fuel is injected at atmospheric pressure 
= (e) there are no valves. 

225. a. basic requirement of a good combustion chamber 
(a) high compression ratio 

(b) low compression ratio 

(c) low volumetric efficiency 

(d) minimum turbulence 

aR (e) high power output and high thermal efficiency. 
226. Deposition of carbon in petrol engine cylinder would 
5 result in increase of 

(a) clearance volume (b) swept volume 

(c) compression ratio (d) volumetric efficiency 
(e) mean effective pressure. 


a 227. Which ofthe following engines can work on very lean 


mixture ? 

(a) S.I. engine (b) C.I. engine 

(c) two stroke engine (d) four stroke engine 
(e) all of the above. 


228. If petrol is used in a diesel engine, then 
(a) higher knocking will occur 
(b) efficiency will be low 
(c) low power will be produced 
(d) black smoke will be produced 
(e) lot of fuel will remain unburnt. 
229. Hot air standard diesel cycle efficiency with increase 
in value of C, 
(a) increases 
(c) remains unaffected 
(d) depends on other factors 
(e) unpredictable. 
In turbulence chamber in diesel engine 
(a) the shape and layout of the piston crown, the 
inlet port, and the valve produce the turbulent 
effect of fuel mixture 
(b) fuel is injected into an auxiliary chamber that is 
separated from the cylinder by an orifice or 
throat 
(c) only a part of air charge is contained in an 
auxiliary chamber in which. the fuel starts to 
burn with insufficient air which due to explosion 
tendency mixes thoroughly into main cylinder 
charge 
(d) there are no valves 
(e) fuel is partly burnt by spark. | 
. For low load operation, more suitable (economical) 
engine is 
(a) S.I. engine 
(c) both are equally good 
(d) multicylinder engine 
(e) two stroke engine. . 
2. A two stroke crank compressed engine has following 
ports in the cylinder 
(a) suction port and exhaust port 
(b) transfer port only 
(c) suction port and transfer port 


(6) decreases 


230. 






(b) C.I. engine 


233. 


234. 


235. 


236. 


237. 


238. 


239. 


240. 





(d) transfer port and exhaust port 
(e) suction port, exhaust port and transfer port. 


For the same size and weight, a two stroke engine 


as compared to four stroke engine will generate 
power 


(a) about twice 
(c) nearly equal 
(e) about 2.5 times. 


A two stroke engine is usually identified by 

(a) size of flywheel (b) weight of engine 

(c) type of lubrication system 

(d) absence of valves 

(e) location of fuel tank. 

If diesel is fed by mistake in the oil tank of a petrol 
engine, then engine will 

(a) give lot of smoke (6) detonate 

(c) knock (d) not run 

(e) run for some time and then stop. 

The thermal efficiency of a semi-diesel cycle having 
fixed compression ratio and fixed quantity of heat, 
with increase in pressure ratio will 

(a) increase (6) decrease 

(c) remain unaffected 
(d) increase/decrease 

capacity 

(e) first increase and then decrease. 

Scavenging air is supplied to a two-stroke engine at 
a density greater than that of atmosphere. This 
means the engine is 
(a) supercharged 
(c) charged 
(d) supercharged provided its speed is low 
(e) supercharged provided its speed is high. 
Piston speed is equal to 


(6) about 0.5 times 
(d) about 1.7 times 


depending upon engine 


(6) not supercharged 


stroke x rpm 


2 
lated Sa 


4 


(a) stroke x rpm (b) 


(c) 2 x stroke x rpm (d) 


(e) 4 x stroke x rpm 

In precombustion chamber in diesel engine 

(a) the shape and layout of the pistion crown, the 
inlet port, and the valve produce the turbulent 
effect of fuel mixture 

(b) fuel is injected into an auxiliary chamber that is 
separated from the cylinder by an orifice or 
throat 

(c)only a part of air charge is contained in an 
auxiliary chamber in which the fuel starts to 
burn with insufficient air which due to explosion 
tendency mixes thoroughly into main cylinder 
charge 

(d) there are no valves 

(e) fuel is partly ignited by spark. 

In a diesel engine, injection pressure developed by 

injector is of the order of 


(a) 10 kg/cm? (b) 100 kg/cm? 
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(c) 500 kg/cm? íd) 1400 kg/cm? 


(e) 2000 kg/cm?. 


241. All the four operations in two stroke engine are per- 


formed in following number of revolutions of crank 
shaft 


(a) half (b) one 
(c) two (d) four 
(e) eight. 


242. In the case of compression ignition engine, the %age 


of CO in exhaust gases is 


(a) zero (b) 5-10% 
(c) depends on load (d) considerable percent 
(e) 10-12%. 


243. As the number of cylinders in multicylinder engine 


increases, the power to weight ratio 

(a) decreases (b) increases 

(c) remains same 

(d) decreases upto a limit and then increases 

(e) increases upto and limit and then decreases. 


244. In the case of petrol engine at maximum output, the 


percentage of CO in exhaust gases is 
(a) zero (b) 5-10% 
(c) depends on load and quality of fuel 
(d) considerable percent 

(e) 10-12%. 


245. The thermal efficiency of a petrol engine at design 


load is around 


(a) 90% (b) 50% 
(c) 40% (d) 30% 
(e) 15%. 
246. In isochronous governing, speed droop is 
(a) 100% (b) 50% 
(c) 5% (d) 30% 
(e) 1%. 


247. Method of governing used in petrol engine is 


(a) quantity governing (b) quality governing 
(c) combined governing (d) partial governing 
(e) hit and miss governing. 


248. Pick up false statement 


(a) For petrol and large gas engines, quantity 
governing is preferred 

(b) In quantity governing, air fuel ratio is almost 
constant and quantity of charge is changed 
depending on load 

(c)In hit and miss governing, fuel supply jis 
completely cut off during one or more number of 
cycles 

(d) In quality governing, quantity of fuel is varied to 
suit the load and total charge of air is varied 

(e) For close regulation of speed, combination of 
both quality and quantity governing is used. 


249. Method of governing used in diesel engine is 


(a) quantity governing (b) quality governing 


(c) combined governing (d) partial governing 
(e) hit and miss governing. 


250. 


251. 


252. 


253. 


254. 


255. 


256. 


257. 


258. 





An engine has a normal speed of 960 r.p.m. and 


load speed of 1000 r.p.m. The speed droop of govern : 
will be about | 
(a) 2% (b) 4% f 
(c) 8% (d) t4% ; 
(e) 1%. . 


An engine at half load begins to act with 7 
increasing load at 970 r.p.m. and with a decreas... 
load at 980 r.p.m. The sensitivity of governor jg `. 


(a) 5% (b) 2% 
(c) 1% (d) 0.5% 
(e) 2.5%. 

The bi-fuel engine uses 


(a) two fuels used in two combustion chambers 

(b) liquid fuel during start up and gas as the bagi, 
fuel 

(c) gas fuel during start up and liquid fuel as the 
basic fuel 

(d)can work on two fuels but the one mog 
economical is used 

(e) bi-fuel engines do not exist. 

Morse test is used to determine mechanical efficiency of 

(a) single cylinder C.I. engine 

(b) single cylinder S.I. engines 

(c) two stroke engines 

(d) four-stroke engines 

(e) multi-cylinder engines. 

During idling stage, gasoline does not flow through 

the carburettor tube because of 

(a) pressure drop (b) high pressure 

(c) venturi vacuum 

(d) it is not desired to be passed through main tube 

(e) all of the above. 

Thermal efficiency of I.C. engine on weak mixtures 

(a) higher (b) lower 

(c) unaffected 

(d) higher/lower depending on engine rating 

(e) unpredictable. 

In petrol engine the actual pressure developed com 

pared to the predicted maximum pressure is 


(a) 90% (b) 70% 
(tc) 50% (d) 25% 
(e) 10%. 


Octane number of petrol normally used in petrol 
engines is of the order of 


(a) 20-30 (b) 40-60 
(c) 60-70 (d) 80-90 
(e) 90-100. 


A fuel of octane rating 85 matches the anti kon 
qualities of a mixture consisting of 85% and +? 
respectively of 

(a) iso-octane and normal heptane 

(6) normal heptane and iso-octane 


(c) petrol and diesel 
(d) benzene and methyl alcohol 2 
(e) methyl alcohol and benzene. i 
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Octane number of petrol available from Indian 
refineries of the order of 


(a) 50 (b) 72 

(c) 13 (d) 94 

(e) 100. 

Octane number of iso-octane is about 
(a) 0 (b) 50 

(c) 80 (d) 90 

(e) 100. 


Air cycle efficiency for a petrol engine having com- 
pression ratio of 5 : 1 will be 


(a) 80% (b) 60% 
(c) 47.5% (d) 30% 
(e) 20%. 


Which of the following fuel detonates readily ? 

(a) benzene (b) iso-octane 

(c) n-heptane (d) alcohol 

(e) all of the above. 

Which of the following fuel has little tendency 
towards detonation ? 7 

(a) benzene (b) iso-octane 

(c) n-heptane (d) alcohol 

(e) all of the above. 

In spark ignition engines, the knocking tendency can 
be decreased by 

(a) decreasing compression ratio 

(b) controlling intake throttle 

(c) controlling ignition timing 

(d) adding dopes like tetraethyl lead and ethylene 

dibromide 

(e) adding benzole. 

For spark ignition engines, fuels in order of decreas- 
ing knock tendency are 

(a) paraffins, napthenes, aromatics 

(b) napthenes, paraffins, aromatics 

(c) paraffins, aromatics, napthenes 

(d) aromatics, paraffins, napthenes 

(e) nepthenes, aromatics, paraffins. 

Tendency of detonation in S.I. engines increases with 
(a) decrease of engine speed 

(b) increase of engine speed 

(c) decrease of compression ratio 

(d) increase of compression ratio 

(e) none of the above. 

Anticlock for compression ignition engines is 


(a) amyl nitrate (b) tetra ethyl lead 
(c) ethylene dibromide (d) napthene 
(e) lead ethide. 


Detonation in petrol engines can be suppressed or 
reduced by the addition of small quantity of 

(a) lead ethide (b) iso-octane 

(c) n-heptane (d) methyl napthalene 

(e) amyl nitrate. 

Performance numbers are 

(a) indices of efficiency of petrol engines 

(b) indices of efficiency of diesel engines 


270. 


271. 


272. 
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275. 


276. 


277. 


278. 
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(c) indices of performance rating of engines 

(d) indicative of the fuels having anti-knock 
qualities superior to iso-octane 

(e) indicative of the fuels having anti-knock 
qualities superior to Cetane. 

It is possible to obtain a number of blends of the fuel 

by mixing/blending 

(a) cetane with iso-octane 

(b) cetane with tetra-ethyl lead 

(c) cetane with aldehydes and Ketones 

(d) cetane with aldehydes and Ketones 

(e) cetane with a-methy] napthalene. 

Compression ratio for spark ignition engines usu- 

ally varies between 


(a) 4-6 (b) 6-13 
(c) 10-18 (d) 14-25 
(e) 2—4. 


Four-stroke petrol engines as compared to two stroke 
petrol engines having same output rating and same 
compression ratio have 

(a) higher thermal efficiency 

(b) lower thermal efficiency 

(c) higher specific fuel consumption 

(d) higher specific output 

(e) higher fuel consumption. 

Compression ratio for compression ignition engines 
usually varies between 


(a) 4—6 (b) 6-12 
(c) 10-18 (d) 14-25 
(e) 25-30. 


The air requirement of a petrol engine during accel- 
eration period in comparison to theoretically correct 
air required for complete combustion is 


(a) less (b) more 

(c) same 

(d) may be less or more depending upon engine 
capacity 


(e) unpredictable. 
Cetane number of petrol is around 


(a) 10 (b) 15-20 
(c) 35 (d) 45-55 
(e) 55-70. 


The Cetane number of diesel oil, generally available 
is of the order of 


(a) 0-5 (b) 10-15 
(c) 20-25 (d) 30-35 
(e) 55-70. 


Morse test in multi-cylinder engines is used to 
determine 

(a) air flow to engine 

(e) B.H.P. 

(e) mechanical efficiency. 
High speed diesel engines need a cetane number of 


(b) volumetric efficiency 
(d) I.H.P. 


(a) 100 (b) 50 
(c) 0 (d) infinity 
(e) 25. 
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279. The volatility of a diesel-fuel oil is indicated by 

(a) distillation temperature 

(b) 50% distillation temperature 

(c) 30% distillation temperature 

(d) 20% distillation temperature 

(e) 10% distillation temperature. 
280. Speed droop is the 

(a) decrease in engine speed 


(b) decrease in engine speed from no load to full sa 
(c) decrease in engine speed form 25% load to 19% 


load 
(d) decrease in engine speed at 50% load 


(e) decrease in speed corresponding to 10% change 


in load. 
281. Hunting occurs due to 
(a) over-control by the governor 
(b) poor-control by the governor 
(c) faulty governor 


(d) improperly designed governor 
(e) bad engine design. 


282. Rocker arms are used in following type of I.C. engines 


(a) side valve engines 
(c) stationary engines 
(d) overhead valve engines 
(e) steam engines. 

283. Cetane number is the measure of 
(a) ignition quality (b) additions in fuel 
(c) auto-ignition temperature 
(d) calorific value of fuel 
(e) viscosity of fuel. 


(b) radial engines 


284. Mean effective pressure of an engine by the indica- 
tor diagram can be determined by the relation 
area of 


spring 
) indicator diagram (A) x co 


nstant (S) 
length of indicator diagram (L) 


AL A 
Os Ts 
LS L 


285. Pick up the correct statement 
(a) BHP (Brake Hourse Power) + FHP 


i (Frictional 
Horse Power) = IHP (indicated Horse Power) 
(b) IHP = BHP — FHP 


(c) IHP + BHP + FHP = 0 
(d) FHP = BHP- IHP (e) Fp — HP 
BHP 
286. The detonating tendenc 


y 1n petrol engines increases 
with 


(a) decrease of compression ratio 
(b) increase of compression ratio 
(c) increase of engine speed 

(d) decrease of engine speed 

(e) increase/decrease of 


compression rati 
o an 
speed has no influence on detonation e 


(a) glycol (b) normal-heptane 











mem SUVGINERS 


pem (d) lead ethyl 
(c) iso-0 


: romide. 
(e) aipania ratio in a two stroke en 
288. The powa to four stroke engine 1s 
aE (b) less 
a 
l . 
a lereni rer power rating 
edictable. 
nia temperature of petrol is of the order of 
(a) — 40 to 0°C (b) — 10 to — 4°C 
(c) — 20 to — 10°C (d) — 30 to — 20°C 
(e) 50 to — 30°C. | | 
290. Injection lag in diesel engines is caused by 
(a) expansion of fuel-oil discharge lines under high 
pressure 
(b) compressibility of fuel 
(c) leakage past the fuel-oil plunger 
(d) all of the above. 
(e) none of the above. 


gine, 


289. 


291. Pistons of diesel engines are usually cooled by 
(a) water (b) air 
(c) lubricating oil (d) fuel oil 
(e) synthetic fluid. 


292. In order to reduce wear and eliminate scuffing, the 
piston rings are 


(a) made of cast iron (6) lubricated 
(c) provided with stepped groove 
(d) plated with chromium or cadmium 


(e) made flexible. 
293. The back pressure of petrol engine is usually of the 
order of 
(a) 1.0 ata (b) 1.2 ata 
(c) 0.8 ata (d) 0.5 ata 
(e) 2 ata. 


294, a cause of smoky exhaust in a diesel engine could 
e 


(a) fuel is not distributed equally to all the cy linden 
(b) exhaust valve receives too much lube oil 

(c) fuel injection is late or fuel injector is if 

adjusted right 

(d) water in the fuel 

(e) all of the above. 
295. The device used 

(a) muffler 

(c) exhaust manifold 

(d) tail Pipe 


to reduce exhaust noise is called 
(6) exhaust pipe 


(e) filter. 
hen it 
maximum torque W 
eed 
power 
m fuel 


296. An engine wil] generate 
(a) runs at maximum sp 
(b) develops Maximum 
(c) consumes maximu 
(d) operates at point of maximum efficiency 
(e) runs at lowest speed. 

297. The speci i at 

` Specific fuel consumption is expressed 2 

uel consumed 

(a) per unit time (b) per unit IHP 


(c) per hour per unit brake Horse power 


Scanned by CamScanner 


Ny 





ES, REFRIGERATION AND AIR CONDITIONING 


(d) per hour per unit IHP 
(e) per km distance travelled. 


298. While two wheeler drives are started by kicking, four 
wheel drives are not because 


(a) it requires less force to start two wheeler b 
kicking ? 
(b) it is not practicable to provide kicking in a car 


(c) provision of battery ignition system in two wheel 
drives would occupy lot of space 


(d) all of the above 
(e) none of the above. 
999, Higher calorific value of a fuel is based on the as- 
sumption that 
(a) no water is present in fuel 
(b) the effect of water present is ignored 
(c) the water is present in vapour form 
(d) the water is present in form of small droplets 
(e) water is thoroughly mixed. 
300. When an engine is idling, it requires 
(a) no fuel in the air 
(c) rich fuel air mixture 
(d) stoichiometric mixture 
(e) fuel corresponding to no load condition. 


301. An ignition coil in the spark engine performs the 
function of 
(a) controlling spark 
(b) controlling current produced by the generator 
(c) supplying high voltage to the spark plug 
(d) regulating battery voltage 
(e) avoiding sparking. 

302. If the gear ratio of first gear and of differential be 
1:4.5 and 1:4 respectively, then the ratio of engine 
speed and axle speed for the automobile in first gear 


(b) lean fuel air mixture 


is 

(a)1:4.5 (b)1:4 
(c)1:18 (d)18:1 
(e) 4:1. 


303. In the above Prob. 302, the ratio of engine speed and 
axle speed, when automobile is in topmost gear, will 


be 

(a) 1:45 (b) 4:1 
(c)4.5:1 (d)1:4 
(e) 1:18. 


304. In the case of compound engine, equal power is de- 
veloped by each cylinder with a view to 
(a) have maximum efficiency 
(b) have maximum fuel economy 
(c) have interchangeable parts 
(d) obtain uniform turning moment 
(e) have uniform wear and maintenance. 
305. The power to weight ratio of multicylinder engines 


with increase in number of cylinders for the same 
power will 


(a) increase (b) decrease 


(c) remain more or less same 


314, The automobiles generally utilise 





(d) depends upon power to be developed 
(e) have uniform wear and maintenance. 
306. The compression ratio is kept low in petrol engine 
compared to a diesel beacuse 
(a) petrol engine is a light engine 
(b) it provides fuel economy 
(c) faster operation is required in petrol engine 


(d) higher compression ratio in petrol engine would 
lead to pre-ignition of fuel 


(e) engine design becomes simpler. 


307. A distributor in spark ignition engine performs the 
function of 


(a) distributing the right quantity of fuel oil to the 
desired cylinder 
(b) distributing the air requirement appropriately 
(c) distributing the power to the wheels 
(d) providing the correct firing order in the engine 
(e) adding additives to fuei oil. 
308. Which of the following does not relate to C.I. engine ? 
(a) fuel pump 
(c) governor 
(e) flywheel. 
309. Which of the following does not relate to S.I. engine ? 
(a) ignition coil (b) distributor 
(c) spark plug (d) fuel injector 
(e) flywheel. 
310. A temperature indicator is usually provided for au- 
tomobiles. It indicates temperature of 
(a) lub oil (b) engine cylinder walls 
(c) jacket cooling water (d) engine piston 
(e) air surrounding radiator. 
311. The following type of battery is commonly used in 
automobile applications 
(a) dry battery 
(c) nickel-iron 
(e) stationary battery. 
312. The gear ratio in the differential unit of a passenger 
car is of the order of 


(b) fuel injector 
(d) carburettor 


(b) nickel-cadmium 
(d) lead-acid 


(a) 2:1 (b) 3:1 
(c)6:1 (d) 8:1 
(e) 10: 1. 
313. The differential in automobiles performs the func- 
tion of 


(a) permitting two rear wheels to run independently 

(b) to enable the automobile turn by 90 

(c) allowing rear wheel movement | 

(d) reducing speed of propeller shaft to suit the 
requirement of wheel axles ee 

(e) permitting two rear wheels to have flexibility 0 


ae ed. 
iye speed, whenever 1t 1s requir | 
parades batteries having 


voltage of 

(a) 3 V (b) 6 V 
(c) 12 V (d) 24 V 
(e) 28 V. 
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316. 


317. 


318. 


319. 


320. 


321. 


_ The acid used in — 


battery is 
b) HCI 


(c) HNO; 
(e) dry type. 
Four-wheel drive implies 
(a) vehicle has 4 wheels 
(b) all the four wheels a be as’ 
ll the four wheels can be steer . 
A aie of vehicle has four wheels which are 
powered 
(e) none of the above. . 
Automobile engines are usually designed as multi- 
cylinder engines because of 
(a) economy reasons 
(b) higher efficiency 
(c) better balance, uniform torque output 
(d) lower fuel consumption 
(e) continuity of power output even if one cylinder 
fails. 
The commonly used ignition accelerators are 
(a) acetone peroxide (b) ethyl nitrate 
(c) isoamyl nitrate (d) any one of the above 
(e) none of the above. 
Ignition accelerators in a compression ignition en- 
gine reduce or eliminate 
(a) combustion knock 
(c) detonation 
(d) spontaneous combustion 
(e) all of the above. 
Ignition accelerators are substances which 
(a) increase the rate of preflame reaction and 
reduce the ignition lag 
(b) increase knock 
(c) reduce detonation 
(d) increase thermal efficiency 
(e) generate more power. 
Pick up the correct statement 
(a) both iso-octane and normal-heptane help in 
prolonging the reaction time for auto-ignition at 
a particular pressure and temperature 
(b) both iso-octane and normal he 
resist auto-ignition 
(c) normal-heptane accele Stes 
iso-octane helps to “ani a 
(d) iso-octane accelerates aut 
heptane helps to resist a 
(e) both iso-octane and n 
antiknocks. 
Petrol engines are no 
tion, because 
(a) mechanical effici 


(b) preignition 


ptane help to 


0 ignition and normal- 
uto-ignition 
ormal-heptane are good 


t suitable for part load opera- 


z ency is . 

internal losses at ; poor due to increasin 
1 B 
(b) of fear of pr a throttling 

(c) of huge knocking 
(d) of increased 


d : 
(e) of overheats etonation tendency 


hg of engine. 





323. 


324. 


325. 


326. 


327. 


Pe Ss Le et E 
ice Ge x 


The power to weight ratio of diesel engine compary 


to petrol engine is 

(a) high 

(b) low 

(c) same i 

(d) high in some cases an 

(e) not comparable. 

Flash point for diese 

(a) minimum 49°C 

(c) minimum 99°C 

(e) maximum 149°C. 

Vapour lock is 

(a) supply of liquid fuel particles to engine 

(b) locking carburettor jets due to high vapoy 
pressure . 

(c) excess fuel supply to engine due to faster 
vaporisation 

(d) seizure or partial stoppage of fuel supply due ty 
vaporisation of fuel in supply system 

(e) complete or partial stoppage of fuel supply due 
to vaporisation of fuel in supply system. 

Which of the following does not assist in getting 

higher output from diesel engine ? 

(a) high compression ratio 

(b) high excess air 

(c) high fuel air ratio 

(d) fine atomisation of fuel 

(e) none of the above. 


d low in other cases 


] fuel oil should be 
(b) maximum 49°C 
(d) maximum 99°C 


Match List I with List II and select the correct 
answer. 
List I List II 
(Operating condition) (Approximate 
air fuel ratio) 
A. Idling 1. 16 
B. Part load operation 2. 10 
C. Full load 3.12.5 
D. Cold start 4.3 
Codes: A B C D 
(a) 2 1 3 4 
(b) 1 2 4 3 


328. Match List I (performance curves, labelled A, B, C 


= m a constant speed diesel engine) with 
pertormance parameter) and select the ©? 


answer. 
List I List II 
y A 1. Smoke level 
2. Brake specific fuel 
consumption. 
C 3. Brake thermal 
2 efficiency 
sla an 4. Brake power 
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AND AIR CONDITIONING = 
B C D 
4 1 9 
4 2 1 
3 1 2 
(d) 4 3 2 1 


399, Which one of the following quantities is assumed 
constant for an internal combustion engine while 
estimating its friction power by extrapolation 
through Willan’s line ? 

(a) Brake thermal efficiency 

(b) Indicated thermal efficiency 
(c) Mechanical efficiency 

(d) Volumetric efficiency. 

930, The two reference fuels used for Cetane rating are 
(a) Cetane and isocetane 
(b) Cetane and tetraethyl lead 

(c) Cetane and n-heptane 
(d) Cetane and a-methyl] naphthalene. 
331. By higher octane number of SI fuel, it is meant that 
the fuel has 
(a) higher heating value (b) higher flash point 
(c) lower volatility (d) longer ignition delay. 
332. The curve shown in the given Fig. below is charac- 
teristic of diesel engines. 
What does the Y-axis represent ? 


Y 


0 Power 


(a) Efficiency 
(b) Specific fuel consumption 
(c) Air-fuel ratio 
(d) Total fuel consumption. 
333. The correct sequence of the decreasing order of brake 
thermal efficiency of the three given basic type of IC 


engines is 

(a) 4 stroke CI engine, 4 stroke SI engine, 2 stroke 
SI engine 

(b) 4 stroke SI engine, 4 stroke CI engine, 2 stroke 
SI engine 

(c) 4 stroke CI engine, 2 stroke SI engine, 4 stroke 
SI engine 

(d) 2 stroke SI engine, 4 stroke SI engine, 4 stroke 
CI engi 

334. fae araf 


Keeping other parameters constant brake pow 
diesel engine can be increased by 

(a) decreasing the density of intake air 

(b) increasing the temperature of intake air 








(c) increasing the pressure of intake air 
(d) decreasing the pressure of intake air. 
335. The method of determination of indicated power o 
multicylinder SI engine is by the use of 
(a) Morse test (b) Prony brake test 
(c) Motorint test (d) Heat balance test. 
336. List I gives the different terms related to combus- 
tion while List II gives the outcome of the events 
that follow. Match List I with List II and select the 
correct answer: 


List I List II 
A. Association 1. Pseudo shock 
B. Dissociation 2. Knock 


C. Flame front 3. Endothermic 
D. Abnormal combustion 4. Exothermic. 


Codes: A B C D 
(a) 3 4 1 2 
(b) 4 3 1 2 
(c) 3 4 2 1 
(d) 4 3 2 1 


337. Match List-I with the performance curves and se- 
lect the correct answer using the codes given below 


the List: 
List-I List-II 
(Performance (Performance curves) 


parameter of i 
an I.C. engine) i 


A. Indicated power 3 
B. Volumetric 
efficiency o 
C. Brake power 5 
D. Specific nel Speed (rpm) 
consumption 
Codes: A B C D 
(a) 1 3 2 5 
(b) 1 3 2 4 
(c) 1 2 3 5 
(d) 2 1 4 3 
338. Consider the following emissions of an IC engine: 
1. CO 2. HC 
3. NO, 4. Particulates 
Which of these emissions cause photochemical smog ? 
(a) 1 and 4 (b) 1 and 2 
(c) 2 and 3 (d) 3 and 4 


339. In a Morse test for a 2-cylinder, 2-stoke, spark 


ignition engine, the brake power was 9 kW whereas 
the brake powers of individual cylinders with spark 
cut off were 4.25 kW and 3.75 kW respectively. The 
mechanical efficiency of the engine is 

(a) 90% (b) 80% 

(c) 45.5% (d) 52.5%. 
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1. (c) 
9. (d) 
17. (d) 
25. (b) 
33. (b) 
41. (a) 
49, (a) 
57. (c) 
65. (e) 
Tia) 
81. (c) 
89. (e) 
97. (b) 
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113. (a) 
121. (a) 
129. (c) 
137. (a) 
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209. (d) 
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3. (d) 


2. (c) 
10. (c) 11. (6)" 
18. (b) 19. (a) 
26. (d) 27. (b) 
34. (c) 35. (e) 
42. (e) 43. (b) 
50. (b) 51. (d) 
58. (e) 59. (b) 
66. (c) 67. (b) 
74. (d) 75. (d) 
82. (c) 83. (d) 
90. (c) 91. (d) 
98. (b) 99. (c) 
106. (c) 107. (a) 
114. (b) 115. (c) 
122. (a) 123. (b) 
130. (b) 131. (a) 
138. (e) 139. (d) 
146. (b) 147. (b) 
154. (d) 155. (b) 
162. (a) 163. (d) 
170. (b) 171. (b) 
178. (c) 179. (a) 
186. (b) 187. (b) 
194. (b) 195. (b) 
202. (b) 203. (d) 
210. (c) 211. (c) 
218. (d) 219. (e) 
226. (c) 227. (b) 
234. (d) 235. (d) 
242, (a) 243. (a) 
250. (b) 251. (c)* 
= 258. (a) 259. (c) 
z) 266. (d) 267. (b) 
d) 274. (a) 275. (b) 
E282. (d) 283. (a) 
2) 290. (d) 291. (c) 
= 298.(d) 299. (c) 
06. (d) 307. (d) 
314. (c) 315. (a) 
$22. (a) 323, (b) 
330. (d) 331. (d) 
338. (c)* 339. (a): 





tory note is given at the end. 


4. (a)* 


12. (a) 
20. (b) 
28. (c) 
36. (e) 
44, (d) 
52. (d) 
60. (c) 
68. (a) 
76. (c) 
84. (d) 
92. (d) 
100. (c) 
108. (c) 
116. (e) 
124. (d) 
132. (d) 
140. (e) 
148. (c) 
156. (c) 
164. (c) 
172: (d) 
180. (b) 
188. (c) 
196. (b) 
204. (a) 
212. (a) 
220. (e) 
228. (a) 
236. (a) 
244. (d) 
252. (b) 
260. (e) 
268. (a) 
276. (e) 
284. (a) 
292. (d) 
300. (c) 
308. (d) 
316. (b) 
324. (a) 
332. (d) 


5. (b) 
13. (d) 
21. (e) 
29. (c) 
37. (e) 
45. (c) 
53. (c) 
61. (c) 
69. (c) 
Tia) 
85. (a) 
93. (c) 

101. (d) 
109. (b) 
117. (c) 
125. (d) 
133. (e) 
141. (a) 
149. (d) 
157. (d) 
165. (d) 
173. (e) 
181. (a) 
189. (b) 
197. (a) 
205. (e) 
213. (a) 
221. (c) 
229. (b) 
237. (b)* 
245. (d) 
253. (e) 
261. (c) 
269. (d) 
277. (e) 
285. (a) 


293, (b) 


301. (c) 
309. (d) 
317. (c) 
325. (e) 
333. (a) 


6. (c) 
14. (b) 
22. (d) 
30. (a) 
38. (e) 
46. (a) 
54. (d) 
62. (b) 
70. (b) 
78. (d) 
86. (a) 
94. (d) 

102. (a) 
110. (d) 
118. (b) 
126. (c) 
134. (c) 
142. (a) 
150. (c) 
158. (e) 
166. (a) 
174. (b) 
182. (b) 
190. (e) 
198. (c) 
206. (c) 
214. (b) 
222. (a) 
230. (b) 
238. (c) 
246. (d) 
254. (c) 
262. (c) 
270. (e) 
278. (b) 
286. (b) 
294. (e) 
302. (d) 
310. (c) 
318. (d) 
326. (b) 
334. (c) 


MECHANICAL ENGINEER), 


7. (a) 
15. (c) 
23. (b) 
31. (e) 
39. (a) 


47. (d)* 


55. (a) 
63. (c) 
71. (a) 
79. (c) 
87. (e) 
95. (b) 
103. (d) 
111. (c) 
119. (d) 
127. (a) 
135. (a) 
143. (a) 
151. (e) 
159. (c) 
167. (b) 
175. (c) 
183. (d) 
191. (d) 
199. (d) 
207. (b) 
215. (e) 
223. (a) 
231. (b) 
239. (c) 
247. (a) 
255. (a) 
263. (b) 
271. (b) 
279. (d) 
287. (a) 
295. (a) 
303. (b) 
311. (d) 
319. (a) 
327. (a) 
335. (a) 






8. (c) 


16. (d)+ 


24. (e) 
32. (c) 
40. (a) 
48. (d) 
56. (c) 
64. (a) 
72. (b) 
80. (b) 
88. (b) 
96. (d) 
104. (d) 
112. (b) 
120. (a) 
128. (c) 
136. (d) 
144. (b) 
152. (b) 
160. (a) 
168. (d) 
176. (a) 
184. (a) 
192. (d) 
200. (d) 
208. (c) 
216. (d) 
224. (a) 
232. (e) 
240. (d) 
248. (d) 
256. (c) 
264. (d) 
272. (a) 
280. (b) 
288. (a) 
296. (e) 
304. (d) 
312. (b) 
320. (a) 
328. (a) 
336. (d) 
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4, In super-charging, the air of increased density should 
be retained in the power cylinders after the exhaust 
ports or the valves are closed. 

High heat value of oil containing hydrogen includes 
~ some heat not available for conversion into work in 
_heat engine. However the heat value of oil being 
_ easier to find and there being a fairly constant per- 
~ centage between low and high values of fuel oil, fuel 


| In case of gaseous fuel, there being considerable 
_ variation between low and high value depending on 
_ presence of hydrogen content, the guarantees are for 
- low heat value which is actually usefully utilised. 


- All the methods are correct, but the best, easiest, 
- most convenient and practical way is (d). 

ss ae 

_ 237. For scavenging/supercharging, the increased density 
= air should be retained in the lower crankcase after 
_ the exhaust ports or the valves are closed. 


Provide single word (suitable words) for the following: 
3 1. The constant volume process in I.C. engines is charac- 
| teristic of the .......... 
2. Compression-ignition engines use liquid fuels of 
o volatility. 
3. Compression ratio may be of the order of 11.5 : 1 to 
B022 : 1 in case Of ............sseseee- 

i = 4, Low CO and hydrocarbon emission occurs at low and 
ts moderate loads in case of .............0++++ 
_ 5. A triangular rotor rotates on an eccentric shaft inside 
an epitrochoidal housing, the rotor tips being in con- 
stant contact with the housing and form three working 
| chambers. 
6. Incase of aircraft engines, the power at 6100 m alti- 
’ tude is about........... % of the sea level wide-open throttle 
output for any given speed. 
The stroke-bore ratio in case of aircraft engines in 


























8. The spontaneous combustion or autoignition of an 
ae “appreciable portion of the charge 

9. A divided chamber construction, a combination of the 
| or scombustion chamber and the turbulence chamber 


jection system which forces fuel through spray nozzle 
t hydraulic pressure. 

times, meters and forces the fuel at high pressure 
rough the spray nozzle. 

restriction in the outer end of the carburettor to pro- 
ide an extra rich air-fuel mixture for starting. 

sed to produce gas-tight seal between the piston and 
ae cylinder liners. 

4 takes care of the fluctuations or the cyclic variations 


251. 


334. 


338. 


339. 


16. 


31. 


32. 


33. 


Tia ep) So ee ao sae N 
YA a e = tanh 









EXPLANATORY NOTES. 


Sensitivity of governor 
_ n-m 980 — 970 
~ y+ Ng 980 + 970 
2 2 
_ 10 x 200 ~ 19%, 
1950 
Brake power of diesel engine can be increased by 
increasing pressure of intake air. 
Smog refers to smoke plus fog. Photochemical smog 
occurs due to Hydrocarbons and nitrogen oxides. 
Indicated power of second cylinder is 9 — 4.25 = 
4.75 kW and of first engine is 9 — 3.75 = 5.25 kW. 
Thus total indicated power of engine is 4.75 + 5.25 = 
10 kW. 
Mechanical efficiency of engine 


x 100 


x 100 = 


= a0 & 100 = 90%. 


4 PROBLEMS eae i : 


Closes one end of the cylinder and contains the inlet 
and exhaust valves. 

1 ERTE is a device used to diminish noise of 
the intake or exhaust. 

The finished part of a shaft which rotates in or against 
a bearing is called .................. 

An item made of thin layers. 


. The most effective knock suppressor. 
, Optimum spark advance is the timing which develops 


. Higher concentrations of NO, are found in I.C. engines 


With sven cccss compression ratio. 


. The principal source of exhaust carbon monoxide is 


. Masses used for balancing purposes. 
_ A device for atomising and vaporising the fuel and 


mixing it with air in varying proportions. 


. Used to step up 6 or 12 volts to high tension voltage of 


about 20 Kvolts. 
The closed area formed by suction and exhaust opera- 
tion in I.C. engines. 


. Ratio of brake power to indicated power. 


The ratio of brake power output to the fuel energy input 
per unit time 


. The ratio of the mass of the charge admitted during 


the suction stroke of the engine to the mass at normal 
pressure and temperature of the volume of the charge 
equal to piston displacement. 

Ratio of the indicated thermal efficiency to the corre- 
sponding ideal air standard efficiency 

The ratio of actual fuel air ratio and chemicall correct 
fuel air ratio. : 
Specific fuel consumption is minimum for fuel air ratio 
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MECHANICAL ENGINEER, 
— re ion time for petrol-air Mixtura . | 
l . : 6. Auto-ignition reaction l f rej! 
34. Mean effective pressure is maximum for fuel air ratio 4 minhom for relative Mek air Tano of saana ! 
PS in C.I. engines increases ,.. 
is SN a . The tendency to knock in S wit 
35. The mechanical aren of a multicylinder engine is ae es the cooling water temperature. 
determined by ........ est. k ignition engine 3 
36. The four stroke cycle is complete in .......... revolutions 48. ee a B a fuel for spark ign SINGS i 
` auto ignition. 
of crankshaft. : k ignition eng; 
37. For completion of four strokes, the cam shaft makes 49. Normal heptane in fuel for spark ign £1nes 
aia revolution. 


auto ignition. ! 
38. Only air is sucked in during suction stroke. 


50. The knocking in S.I. engines increases with .. it 

ae compression ratio. | 

| inn operation in 4 stroke cycle petrol engine oo l | 
continues from 50° before bottom dead centre to 10° 51. Advancing the spark timing in S.I. engines... the 
after top dead centre. tendency for knocking. 


40. The thermal efficiency of diesel engine in comparison 52. Tendency to knock in S.I. engines and the coolin 
to petrol engine is ~. 


| 
& Water’ 
temperature are .................. related. | 
Sk ere is used for obtaining required firing order 53. Ignition quality of fuel for S.I. engines is determing 
in spark ignition engines. DY ee number rating. 
42. Petrol engines employ 


E E governing. 54 
43. Standard firing order for 4 cylinder pe 


. The petrol available commerciall 
octane number of 
55. The diesel available commercially in the country has 

44. Standard firing order for 6 cylinder petrol engine is cetane number of 


45. Morse test is used for multicylinder spark ignition 
engines to determine 


y in the country hy 
trol engine is 


The knocking tendency in C.I. engines increases with 


SE of compression ratio. 





1. spark ignition 2. low 


3. C.I. engines i : 
5. Wankel or rotary engine 6. 50 5 a S Lo oss 
. : . below 1, 
8. combustion knock 9. energy cell 10. loss of power 11. mechanical in; ti 
12. injection pump 13. choke 14, piston rin ° njection 
16. cylinder head ee BS 15. fly wheel 
20. tetraethyl lead aie 18. journal 19. laminated | 
= ser cha 21. torque 22. higher 23. rich mixture er | 
Bes sities ie ieee 25. carburettor 26. ignition coi] 27. nepati combustion 
: ‘anical e nclency 29, thermal efficiency 30. charge efficienc . egative loop 
32. ae fuel air ratio 39. less than one 34. greater than y 31. relative efficiency : 
36. two . one 35. Mo | 
40 higher 37. ne ; 38, diesel engines üi 
di Låg 41. distributor 42 quantity 39. exhaust 
a 45. mechanical efficiency 46. unity 43. 1-3-4_9 
i 5 ards 49. accelerates 50. incr 47. lowering 
m: crecli 53. Octane l — 51. increases 
56. decrease 54. 80-85 
55. 40-45 
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TC. ENGINES, REFRIGERATION AND AIR CONDITIONING 


| Refrigeration 

oe A refrigeration system is an apparatus or combination 
of mechanical equipment in which a refrigerant is circulated 

for cooling, or extracting heat from spaces or bodies 
Refrigeration system could be of two types, viz. compression 
and absorption. Compression system, also Sometimes known 
as mechanical system is the more popular of the two. 


| A refrigerant having its boiling temperature less than 
atmospheric temperature will start boiling immediately if 
subjected to atmospheric conditions, absorbing heat from its 
surroundings, thereby producing cooling effect. To be 
economical it is essential that means must be available to 
capture and reuse the refrigerant vapour. 


Fig. 3.12, shows the compression refrigeration system 
the cycle of which is as follows: 








Flow control 
device 





Strainer 
drier 







Evaporator 





Condenser 


Compressor 


Fig. 3.12. Compression refrigeration system. 


(i) The refrigerant gas is compressed by the compressor 
_ and discharged into condenser, (ii) In conenser it is cooled 
i ; and condensed to liquid ; atmospheric air or water being used 
for abstracting heat from condenser, (iii) Condensed, and 
3 Warm high pressure refrigerant then travels through strainer/ 
3 drier which prevents plugging of the flow control device by 
_ trapping scale, dirt and moisture, (iv) Flow control device 
Controls the flow of refrigerant to .... and refrigerant is 
throttled, (v) in the evaporator, refrigerant is subjected to a 
ich lower pressure due to the combined suction of the 
Compressor and the pressure drop across the flow control 
at ice. As a result, refrigerant tends to expand and evaporate 
“a reby cooling the air passing over evaporator. Refrigeration 
“kes place from the absorption of heat during vaporisation 
the Cooling coils (vi) The gas is again drawn into compressor 

: the cycle is repeated. 















_ Refrigeration systems may be classified as (i) flooded 
and (ii) dry type depending on the condition of the 
“gerant in the evaporator. In flooded system, there is a 
a of refrigerant in the evaporator. Dry systems have only 
Plets of liquid in the evaporator, there being almost all 
: gerant in vapour condition in evaporator. 
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Flooded systems are further classified as follows 


depending on the type of flow control device used (i) low side 


float system, (ii) high side float system, (iii) capillary tube or 
restrictor systems. 


Dry type systems are of two types (i) automatic 


expansion systems and (ii) thermostatic expansion valve 


Systems. 


In flooded systems, the refrigerant level in the 
evaporator is maintained through the action of the refrigerant 


flow control device. Flooded system has following advantages 
over dry type. 


(i) As system operates at higher average suction 
pressure, the operating cost is low, and efficiency is high. 
(ii) It provides closer control of temperature. 


(iii) More liquid on low pressure side of the system 
provides a greater area of wetted surface, and allows a higher 
rate of heat transfer through the evaporator walls and tubing. 


(tv) Number of starts and stops of compressor are low. 


(v) Operating cost is lower. 






Float 
valve To 
Refrigerant compressor 
liquid from—» x] 
condenser s a 
Liquid 
refrigerant 
Evaporator 
tubes 


Evaporator 


Fig. 3.13. Low side float system. 


In dry system, the refrigerant passing through the 
valve is partially evaporated immediately after passing the 
orifice. The fine suspended droplets of liquid refrigerant are 
completely evaporated as they flow through the balance of 
the evaporator. Evaporator is generally made from one 
continuous length of tubing which ensures better control of 


liquid refrigerant when the flow control device is properly 
adjusted. 


Low side float system is shown in Fig. 3.13, the 
working of which is self-explanatory. Important point to note 
is that refrigerant charge used in system is not critical (which 
is so in other systems) as any excess or over-charge will 
remain in the liquid receiver., 

Fig. 3.14 shows high side float system. As the flow of 
liquid refrigerant in this system is controlled by both the 
high side float in the liquid receiver and the pressure reducing 
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valve at the evaporator to maintain differential pressure 
between the refrigerant in the liquid line and the refrigerant 
in the evaporator, the refrigerant charge in the high side 
float system is very critical. Excess charge will result in flood 
back and liquid refrigerant in that case will flow into suction 
line of compressor causing frost to appear and may damage 
compressor. Insufficient charge may result in a starved 
evaporator and loss of refrigeration. 


Refrigerant vapour 
to compressor 






Liquid pressure 
reducing valve 






















Evaporator 


— e e e "e eS" 
æ æ a á á å o 
- = ~ - -~ ee -e le 
— = ee á- 
= 


From 


condenser | 


Liquid 
refrigerant 


Refrigerant 
liquid 


Liquid 
receiver 


Fig. 3.14. High side float system. 





Capillary tube or restrictor system 1s widely used 
because of low cost, simplicity, trouble-free operation and 
achieving of hermetically sealed system. The amount of 
= refrigerant allowed to flow is dependent upon the length and 

= inside diameter of capillary tube provided between the filter 
and evaporator. This system also requires an accurate charge 
uate refrigerant. Overcharge may result in floodback. 


_ Automatic expansion valve system uses a pressure 


pe: rated refrigerant flow control device which when properly 
djus ed, keeps the evaporator fully refrigerated. 

In thermostatic expansion valve system, thermostatic 
atrol is usec to maintain evaporator outlet temperature in 


ibi nation | wow of with evaporator pressure by automatic 


ee ee Ss . . 
ansıon valve (Refer Fig. 3.16). It provides more accurate 
1 of refrigerant in the evaporator. 














Capillary 
\ tube 






Strainer 
drier 


vaporator 


From 
condenser 
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Refrigerant 


vapour 





Automatic 
Y expansion valve i 














Liquid f 
Refrigerant line 
droplets 
Zue From liquid 
receiver after 
= 
Refrigerant condenser 
vapour to 
compressor 


Fig. 3.16 


Coefficient of performance of a refrigerant j, | 
defined as the ratio of the refrigeration obtained to the net | 
work done on the system in the cycle. 


hc — h4 

C.O.P. = ———— 

hp —he 

Relative C.O.P. is the ratio of a actual and theoretical 
C.O.P. | 






Condensing 


Compression 


B Evaporation 


S — 


pr eet gea T adins r 


Fig. 3.17. Vapour compression refrigeration 
cycle with superheat. 


It will be noted that t 
subcooling the liquid refriger 
point A being moved down o 


he COP can be improved by 
ant leaving the condenser, 1.é.; 
n the saturated liquid line. 
The capacity of a refrigerator is the rate at which 
refrigeration is produced and is expressed in tons of 


n. One ton of refrigeration is defined as the heat 
rate corresponding to melting of 1 ton of ice in 24 hours. 


Assuming latent heat of fusion of ice as 80 kcal/kg 
one ton of 1 ton of ice in 24 hours. 


Assuming latent heat of fusion of ice as 80 kcal/kg 
one ton of refrigeration = 50 kcal/mt = 210 kJ/min = 3.5 kW | 


A good refrigerant should have following properties: 


High latent heat, low Specific volume, low specific heat: | 


low boiling and freezing points, low condensing pressure, h! 


y, no effect on moisture, safe and nof 
toxic, capacity to mix with oil, no corrosive effect on metal* | 
non-polsonous, easily available and cheap. 
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The five refrigerants commonl i . 
systems are- y used in refrigeration 

(i) Ammonia (NH,). Its freezing tem 
_ 77.8°C, boiling temperature — 33.3°¢ a 
temperature 132.6°C. It has high latent hea 
working pressure. It is highly toxic and has a 
It attacks brass and bronze but is noncorrosi 
steel. It finds application in large commercial installatio 

(ji) Carbon dioxide (CQ,). Its boiling poi j 
_78.5°C and critical temperature 31°C. It has ie sac 
volume (0.016 m?/kg. at — 15°C) and hence plant ‘a wa f 
compact. It is non-toxic, noncorrosive and Honiiflanciabic 
It is cheap but it has high working pressure (about 70 k 
cm2). It finds application where space is precious such he 
ships. i 

(iii) Sulphur dioxide (SO,). It has boilin 

temperature — 25.6°C and critical temperature 157.2°C tt 
has low working pressure (4.5 kgf/cm2). It is highly otie 
and is corrosive when in contact with moisture. It is used in 
small and domestic plants. 


(iv) Freon-12 (CC1,F,). It is colourless, odourless and 
nontoxic. It is mostly used for domestic plants. It has 
operating pressure of about 8 kgf/cm?. As compared to 
ammonia it has small specific volume but has a high cost. 

(v) Freon-22 (CHCIF,). Its boiling temperature is 
-40.8°C and critical temperature 96.2°C. It is used in small 
to medium commercial plants. As compared to Freon-12, it 
has low specific volume but has high cost. 


perature is 
nd critical 
t, moderate 
strong smell. 
ve to iron and 


AIR CONDITIONING 


Absolute humidity. It is the weight of water vapour 
per unit volume. 

Relative humidity is actual amount of moisture ìn 
air at any given temperature, divided by the greatest amount 
of moisture the same air could hold without condensation. 
Relative humidity could also be expressed in terms of 
pressures as the actual pressure exerted by moisture (vapour 
pressure), divided by highest vapour pressure (saturation 
condition) possible under the same conditions. 

Fig., 3.18 shows highest pressure that water vapour 
can have without condensation, i.e., 100% relative humidity 
at various atmospheric temperatures. 

Atmospheric pressure = Vapour pressure + pressure 
of dry air. 

Dry bulb temperature is t 
by an ordinary thermometer. 

Wet bulb temperature. If the bulb of an ordinary 
thermometer is surrounded by a wick wetted with water and 
air passed around it; water at surface will being to evaporate. 
The vaporisation takes heat-latent heat of vaporisation and 
the wick is cooled. The temperature finally reached hen 
Cooling stops is known as wet bulb temperature. At wet en 
temperature, the heat from the air to water surface equals 
the heat taken from the surface to vaporise water. 


he temperature measured 





760 


Pressure, mm Hg abs. 


0 


0 Temp. °C 100 


Fig. 3.18. Saturation vapour pressure vs. 
Atmospheric temperature. 





Dry bulb 
temperature 


Dew point 


Temperature 


Fig. 3.19. Skeleton form of psychrometric chart. 


Dew point temperature. It is the temperature at 
which moisture will condense out of the air for a given specific 
humidity and pressure, as air moisture temperature is 
reduced. It is important to note that dew point temperature 
remains constant as long as there is no change in moisture 
content of the air. 

At 100% humidity, wet-bulb temperature is equal to 
dry bulb temperature. Drier is the air, more will be the 
difference between dry bulb and wet bulb temperatures. 

Psychrometric chart. It is a graphic portrayal of 
various air-moisture mixtures. The vertical axis 1s taken as 
dry bulb temperature and horizontal axis as dew point 
temperature. Sometimes reverse of the above is adopted. With 
first arrangement, the lines of constant dry-bulb temperature 
are almost vertical, constant dew point temperature lines 
are horizontal, constant wet-bulb temperature lines slope 
downward to the right; constant percentage humidity lines 
are curved. If any two values of an air-moisture mixture are 
known then other conditions can be pinpointed. 


Psychrometric Processes 


1. Mixing of streams. The 
of mixture after mixing of two air streams can 


final condition or state 
be found on 
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masses. 
. ` cess. . 
2. Sensible heating Pro idi 10, L.€-» without 


dry bulb temperature at 
changing its MOS% 
air over heating coil, is the proce 
sensible heating, the relative h 
3. Sensible cooling process. | 


heating process. 
4. Humidification process. t 


é ett 
which moisture 15 added to alr, a a 
During humiail 
temperature constant. La A 
relative humidity increases. True humidification Pr 


possible only by keeping the spray water erp” 
(through which air is passed) at same tempera ` ka 
dry bulb temperature of entering air. In norma practice, 
humidification process is accompanied by cooling or heating. 

5 Dehumidification process. This is reverse of 
humidification process. 

6. Cooling and dehumidification. This process 
takes place when air passes Over a cooling coil having effective 
surface temperature below the dew point temperature of 
entering air. As a result the condensation of moisture takes 
place which results in fall in the specific humidity ratio. 

7. Cooling and humidification. This process takes 
place when air is washed through sprays of water maintained 

at temperatures higher than the dew point temperature of 
entering air, but lower than the dry bulb temperature of 
entering air. As a result the air gets cooled and humidified. 


tis reverse of sensible 


is the process in 
s dry bulb 















8. Heating and humidification. This process takes 

place when air is washed through the spray water at a 
temperature higher than the dry bulb temperature of the 
; entering air. During this process, the humidity ratio, dry bulb 
and wet bulb temperature, dew point temperature, and the 


s h 


> ae 










Wie > - 


~" 


LY 
relative humidity may increas, L 


-dification. This proces 
9, Heating a ua through a solid absorbery 

fpi dt absorbent spray: Dehumidificatio, . 
essure of the absorbent | 
air thereby heating the aj. 
t heat of condensation. Thj, 


o 
i j laten 
to liberation A tion and follows th, | 


f adiabatic satura 
e line. | 
d Terms in Psychrometry | 
nts the inefficiency of the 
eing able to heat or cog). 
f cooling coil. 


`c reverse 9 
bulb temperatur 
Some Commonly Use 
ese 

Bypass factor. This repr 
i ooling coil 1n not b 
to the temperature 0 
r a heating coil 
Temp. of air leaving 


Temp. of heating coil — l 
Temp. of air entering 


= Temp. of heating coil — | | 
Sensible heat factor. It is the ratio of sensible heat 

of air to the total heat (sensible heat = latent heat). 
Grand sensible heat factor. It is the ratio of total 
sensible heat to the grand total that the cooling coil should 


handle. | | 
Effective surface temperature. It is the assumed 


uniform surface temperature of heating/cooling coil which 
would produce same conditions of air leaving the coil as the 
actual non-uniform surface temperature of the coil varying 
throughout the surface as air passes over it. 

Humidifying efficiency. In actual practice the air 
from spray wash will come out at 100% relative humidity, 
the extent to which humidification is affected depending ot 
the velocity of air and the depth of showers etc. Humidifying 
efficiency is expressed as | 


heating coil or € 
the incoming alr 
Bypass factor fo 


Temp. of entering air ~ Dry bulb temp. of air at outlet 
Temp. of entering air — Wet bulb temp. of entering a! 


ON MULTIPLE CHOICE QUESTIONS 









g 
ida’ 


i w N the wrong statement. A refrigerant should 
he 
(a) low specific heat of liquid 
Sen 4. 
0) MEN DO : 
Wi 7 h b iling point 
Cc). y y - , , 
ue Alatent heat of vaporisation 


a f 
a). 


gher critical temperature 
Rept at 
cific volume of vapour. 


arc ice point temperature corresponds to the 


0°C 
y ice 
ure of ice 
ure ot ice, water and 
ae vapour 
na p under 
eoma itions under NTP conditions 


3. Vapour compression refrigeration is somewhat like 
(a) Carnot cycle (6) Rankine cycle 

(c) reversed Carnot cycle 

(d) reversed Rankine cycle 

(e) none of the above. 


. Which of the followin 


erant g cycles uses air as the refit 


(a) Ericsson 


(b) Stirling 


(c) Carnot 
(d) Bell-coleman 


(e) none of the above. 


Ammo i 
nia-abs . , 
orption refrigeration cycle requires 


(a) very li 
ry little work input (6) maximum work i np! | 


(c) near] 
compres, Work input owl 
Pression cycle as for vap 


(d) zero work input 


(e) none of the above 
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important characteristi 
l — ane teristic of absorption system of 
(a) noisy operation 
(c) cooling below 0°C 
(d) very little power consumption 
(e) its input only in the form of heating. 
. The relative coefficient of performance is 
(a) actual COP/theoretical COP 
(b) theoretical COP/actual COP 
(c) actual COP x theoretical COP 
(d) 1-actual COP x theoretical COP 
(e) 1-actual COP/theoretical COP. 
. Clapeyron equation is a relation between 
(a) temperature, pressure and enthalpy 
(b) specific volume and enthalpy 
(c) temperature and enthalpy 
(d) temperature, pressure, and specific volume 


(e) temperature, pressure, specific volume and 
enthalpy. 


. Clapeyron equation is applicable for region at 
(a) saturation point of vapour 

(6) saturation point of liquid 

(c) sublimation temperature 

(d) triple point 

(e) critical point. 


(b) quiet operation 


. In vapour compression cycle, the condition of refrig- 
erant is saturated liquid 


(a) after passing through the condenser 
(6) before passing through the condenser 


(c) after passing through the expansion or throttle 
valve 


(d) before entering the expansion valve 
(e) before entering the compressor. 


. In vapour compression cycle, the condition of refrig- 
erant is very wet vapour 


(a) after passing through the condenser 
(b) before passing through the condenser 


(c) after passing through the expansion or throttle 
valve 


(d) before entering the expansion valve 
(e) before entering the compressor. 


- In vapour compression cycle, the condition of refrig- 
erant is high pressure saturated liquid 


(a) after passing through the condenser 
(6) before passing through the condenser 


(c) after passing through the expansion or throttle 
valve 


(d) before entering the expansion valve 
(e) before entering the compressor. 


13. 


14, 


15. 


16. 


17. 


18. 


19. 


20. 


21. 





In vapour compression cycle the condition of refrig- 
erant is superheated vapour 


(a) after passing through the condenser 
(b) before passing through the condenser 


(c) after passing through the expansion or throttle 
valve 


(d) before entering the expansion valve 
(e) before entering the compressor. 


In vapour compression cycle the condition of refri- 
gerant is dry saturated vapour 


(a) after passing through the condenser 
(6) before passing through the condenser 


(c) after passing through the expansion or throttle 
valve 


(d) before entering the expansion valve 
(e) before entering the compressor. 


The boiling point of ammonia is 

(a) — 100°C (b) —50°C 
(c) — 33.3°C (d) 0°C 

(e) 33.3°C. 


One ton of refrigeration is equal to the refrigeration 
effect corresponding to melting of 1000 kg of ice 


(a) in 1 hour (b) in 1 minute 
(c) in 24 hours (d) in 12 hours 
(e) in 10 hours. 


One ton refrigeration corresponds to 
(a) 50 kcal/min (b) 50 kcal/kr 
(c) 80 kcal/min (d) 80 kcal/hr 


(e) 1000 kcal/day. 


In S.I. unit, one ton of refrigeration is equal to 
(a) 210 kJ/min (b) 21 kJ/min 

(c) 420 kJ/min (d) 840 kJ/min 

(e) 105 kJ/min. 


The vapour compression refrigerator employs the 
following cycle 


(a) Rankine (b) Carnot 

(c) Reversed Rankine (d) Brayton 

(e) Reversed Carnot. 

Allowable pressure on high-pressure side of ammo- 
nia absorption system is of the order of 

(a) atmospheric pressure 

(b) slightly above atmospheric pressure 

(c) 2-4 bars (d) 5-6 bars 

(e) 7-10 bars. 

The moisture in a refrigerant is removed by 
(a) evaporator (b) safety relief valve 
(c) dehumidifier (d) driers 


(e) expansion valve 
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22. The condensing pressure due to the presence of non- 
condensable gases, as compared to that actually re- 


quired for condensing temperatures without non-con- 
densable gases, 


(a) will be higher (b) will be lower 
(c) will remain unaffected 


(d) may be higher or lower depending upon the 
nature of non-condensable gases 


(e) unpredictable. 
23. Critical pressure of a liquid is the pressure 
(a) above which liquid will remain liquid 

(6) above which liquid becomes gas 

(c) above which liquid becomes vapour 

(d) above which liquid becomes solid 

(e) at which all the three phases exist together. 
24. Critical temperature is the temperature above which 

(a) a gas will never liquefy | 

(b) a gas will immediately liquefy 

(c) water will evaporate 

(d) water will never evaporate 

(e) none of the above. 


25. The refrigerant for a refrigerator should have 
(a) high sensible heat 


(b) high total heat (c) high latent heat 

(d) low latent heat (e) low sensible heat. 
26. Rating of a domestic refrigerator is of the order of 

(a) 0.1 ton (6) 5 tons 

(c) 10 tons (d) 40 tons 


(e) 100 tons. 
27. The COP of a domestic refrigerator 
(a) is less than 1 
(c) is equal to 1 
(d) depends upon the make 


(6) is more than 1 


(e) depends upon the weather conditions. 


28. The domestic refrigerator uses foll 


owing type of com- 
pressor 


(a) centrifugal (b) axial 
(c) miniature sealed unit 
(d) piston type reciprocating 


(e) none of the above. 


29. Horse power per ton of refrigeration is expressed as 
4.75 
(a) 


COP 
COP (b) 4.75 

(c) 4.75 x COP (da) 415 
COP 


(e) none of the above. 
30. Refrigeration in aero 
lowing refrigerant 
(a) CO, 


planes usually employs the fol- 


(b) Freon-11 


3l. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


~ 


MECHANICAL ENGINEER), 


(c) Freon-22 (d) Air | ) 
(e) none of the above. 


Domestic refrigerator working on y 


compression cycle uses the following t 
expansion device 


(a) electrically operated throttling valve 

(b) manually operated valve 

(c) thermostatic valve 

(d) capillary tube (e) expansion valve. 
Air refrigeration operates on 

(a) Carnot cycle 
(c) Rankine cycle 
(e) Brayton cycle. 
Air refrigeration cycle is used in 
(a) domestic refrigerators 

(6) commercial refrigerators 

(c) air-conditioning 

(d) gas liquefaction 


(e) such a cycle does not exist. 


Ype yi 


aa 
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(6) Reversed Carnot cyck 
(d) Erricson cycle 


i 


In a vapour compression cycle, the refrigeran 
immediately after expansion valve is 
(a) liquid 

(c) saturated liquid 
(e) dry vapour. 


(6) sub-cooled liquid 
(d) wet vapour 


The vapour pressure of refrigerant should be 
(a) lower than atmospheric pressure 

(b) higher than atmospheric pressure 

(c) equal to atmospheric pressure 

(d) could be anything 

(e) none of the above. 


For better COP of refrigerator, the pressure rag. 
corresponding to temperature in evaporator and cot 
denser must be ) 
(a) small (b) high 

(c) euqal (d) anything 


(e) under some conditions Small and under so 


conditions high, 


The bank of tubes at the back of domestic refrige™ 
tor are | 


(a) condenser tubes (6) evaporator tubes 
(c) refrigerant cooling tu 


bes 
(d) capillary tubes 


The higher temperature i 
occurs at 


(e) throttling device. p 
n vapour compression f)” | 
(a) receiver (b) expansion valve i 


‘c) evaporator (d) condenser discharg? | 


(e) compressor discharge., f 

' i" 
Highest temperature encountered in refriger3” f 
cycle should be 


(a) near critical temperature of refrigerant 
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(b) above critical temperature 

(c) at critical temperature 

(d) much below critical temperature 
(e) could be anywhere. 


40. In refrigerator, liquid receiver is re 
condenser and flow controlling devi 
refrigerant for system is 


quired between 
ce, if quantity of 
(a) less than 2 kg 


(b) more than or equal to 3.65 kg 
(c) more than 10 kg 
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(d) there is no such consideration 
(e) none of the above. 


41. Absorption system normally uses the following 


re- 
frigerant 

(a) Freon-11 (b) Freon-22 

(c) CO, (d) SO, 


(e) ammonia. 


42. If 7, and T, be the highest and lowest absolute tem- 
peratures encountered in a refrigeration cycle work- 
ing on a reversed Carnot cycle, then COP is equal to 

b) —2— 

T, = Ty Ti ma; Tz 

T, — T, T-T 

Lo a 

To T, 

(e) none of the above. 





43. The value of COP in vapour compression cycle is 
usually 


(a) always less than unity 
(b) always more than unity 
(c) equal to unity (d) any one of the above 


(e) none of the above. 


44, Ina refrigeration system, heat absorbed in compari- 
son to heat rejected is 
(a) more (b) less 
(c) same 
(d)more for small capacity and less for high 
capacity 
(e) less for small capacity and more for high 
capacity. 
45. Condensing temperature in a refrigerator is the tem- 


perature 

(a) of cooling medium (b) of freezing zone 
(c) of evaporator 
(d) at which refrigerant gas becomes liquid 
(e) condensing temperature of ice. 

46. Formation of frost on evaporator in refrigerator 
(a) results in loss of heat due to poor heat tr ansfer 
(b) increases heat transfer rate 
(c) is immaterial 
(d) can be avoided by proper design 
(e) decreases compressor power. 





47. 


48. 


49, 


50. 


Noa 
p< 





In refri i 
n refrigerators, the temperature difference between 


the evaporating refrigerant and the medium being 
cooled should be 


(a) high, of the order of 25° 

(b) as low as possible (3 to 11°C) 

(c) zero (d) any value 
(e) none of the above, 


In a flooded evaporator refrigerator, an accumula- 
tor at suction of compressor is used to 


(a) collect liquid refrigerant and prevent it from 
going to compressor 


(b) detect liquid in vapour 

(c) superheat the vapour 

(d) collect vapours 

(e) increase refrigeration effect. 

Accumulators should have adequate volume to store 
refrigerant charge at least 


(a) 10% (b) 25% 
(c) 50% (d) 75% 


(e ) 100%. 


At lower temperatures and pressures, the latent heat 
of vaporisation of a refrigerant 


(a) decreases (b) increases 
(c) remains same 
(d) depends on other factors 


(e) none of the above. 


. A refrigeration cycle operates between condenser 


temperature of + 27°C and evaporator temperature 
of — 23°C. The Carnot coefficient of performance of 
cycle will be 


(a) 0.2 (b) 1.2 
(c) 5 (d) 6 
(e) 10. 


. If 7, and T, be the highest and lowest absolute tem- 


peratures encountered in a heat pump operating on 

a reversed Carnot cycle, then its COP is equal to 
-T 

noe (b 
T, ; 

- (d) — Sn 

1-7, 1, -T, 
(e) none of the above. 


ry ry. 
NT — 1) 








In vapour compression refrigeration system, 
refrigerant occurs as liquid between 


(a) condenser and expansion valve 
(b) compressor and evaporator 

(c) expansion valve and evaporator 
(d) compressor and condenser 

(e) none of the above. 


_ Pick up the correct statement about giving up of heat 


from one medium to other in ammon! 
system 


a absorption 
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(a) strong solution to weak solution 
(b) weak solution to strong solution 

(c) strong solution to ammonia vapour 
(d) ammonia vapour to weak solution 
(e) ammonia vapour to strong solution. 


55. Efficiency of a Carnot engine is given as 80%. If the 
cycle direction be rev ersed, what will be the value of 


COP of reversed Carnot cycle 
(a) 1.25 (b) 0.8 
(c) 0.5 (d) 0.25 


(e) none of the above. 
56. Highest pressure encountered in a refrigeration sys- 
tem should be 
(a) critical pressure of refrigerant 
(b) much below critical pressure 
(c) much above critical pressure 
(d) near critical pressure 
(e) there is no such restriction. 


57. Ifaheat pump cycle operates between the condenser 
temperature of + 27°C and evaporator temperature 
of — 23°C, then the Carnot COP will be 





























(a) 0.2 (b) 1.2 
(c) 5 (d) 6 
(e) 10. 


58. Acertain refrigerating system has a normal operat- 
ing suction pressure of 10 kg/cm? gauge and condens- 
ing pressure of about 67 kg/cm”. The refrigerant used 
is 
(a) Ammonia (b) Carbon dioxide 
(c) Freon (d) Brine 
(e) Hydrocarbon refrigerant. 

59. Aqua ammonia is used as refrigerant in the follow- 

ing type of refrigeration system 

(b) direct 


. pe compression 
(d) absorption 


(ec) indirect 

. E i (e) none of the above. 
_ Ifthe evaporator temperature of a plant is lowered, 
ae seping the condenser temperature constant, the h.p. 
_ of compressor required will be 


if a) same (b) more 
A c) less 
K ) more/less depending on rating 


(e) unpredictable. 

5 L a an a refrigeration cycle, the flow of refrigerant is con- 
BS ©. trolled by 

| 5 ss (a) compressor 
a O evaporator 

ee a0) all of the above. 
62. Where does the lowest temperature occur in a vapour 


‘ y 5 Rath 
com pression cycle ? 
z ard 4 a 


(b) condenser 
(d) expansion valve 


63. 


64. 


65. 


66. 


67. 


68. 


69. 
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(b) evaporator 


(a) condenser | 
(c) compressor (d) expansion valve | 
t 


(e) receiver. 
The leaks in a refrigeration system using Freon are 


detected by 
(a) halide torch which on detection produces 


greenish flame lighting 
(b) sulphur sticks which on detection gives white 
smoke 
(c) using reagents 
(e) sensing reduction in pressure. 
Pick up the incorrect statement 
(a) lithium bromide used in vapour absorption cycle | 
is nonvolatile | 
(b) lithium bromide plant can’t operate below 0°C 
(c) a separator is used in lithium bromide plant to | 
remove the unwanted water vapour by | 
condensing | 


(d) concentration of solution coming out of lithium | 
bromide generator is more in comparison to that | 


entering the generator 
(e) weak solution in liquid heat exchanger gives up | 
heat to the strong solution. 
The lower horizontal line of the refrigeration cycle | 
plotted on pressure-enthalpy diagram represents 
(a) condensation of the refrigerant vapour 
(b) evaporation of the refrigerant liquid 
(c) compression of the refrigerant vapour 
(d) metering of the refrigerant liquid 
(e) none of the above. 


Mass flow ratio of NH, in comparison to Freon-12 | 
for same refrigeration load and same temperature | | 
limits is of the order of | 


(d) smelling 


¢ 
f 
f 
f 
l} 
f 
f 


(a)1:1 (6)1:9 
(c)9:1 (d)1:3 
(e)3:1. 

Freon group of refrigerants are 
(a) inflammable (b) toxic 


(c) non-inflammable and toxic 

(d) non-toxic and inflammable 

(e) non-toxic and non-inflammable. 
Ammonia is 
(a) non-toxic (b) non-inflammable 

(c) toxic and non-inflammable 

(d) highly toxic and inflammable 

(e) none of the above. 

In vapour compression cycle using NH, as refrige" 
ant, initial charge is filled at 

(a) suction of compressor 

(b) delivery of compressor 


(c) high pressure side close to receiver 


| 
; 

f 

t 

f 

E 

t 

t 

f 

f 

f 

| 

f 

S 

| 

i 
~ 
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(d) low pressure side near receiver 

(e) anywhere in the cycle. 

a Short horizontal lines on pressure-enthalpy chart 
3 š show 


~ (a) constant pressure lines 


(b) constant temperature lines 

(c) constant total heat lines 

(d) constant entropy lines 

(e) constant volume lines. 

. Onthe pressure-enthalpy diagram, condensation and 


desuperheating is represented by a horizontal line 
because the process 


(a) involves no change in volume 

(b) takes place at constant temperature 

(c) takes place at constant entropy 

(d) takes place at constant enthalpy 

(e) takes place at constant pressure. 

One ton of the refrigeration is 

(a) the standard unit used in refrigeration problems 

(b) the cooling effect produced by melting 1 ton of 
ice 


(c) the refrigeration effect to freeze 1 ton of water at 
0°C into ice at 0°C in 24 hours 

(d) the refrigeration effect to produce 1 ton of ice at 
NTP conditions 

(e) the refrigeration effect to produce 1 ton of ice in 
1 hour time. 

Superheating in a refrigeration cycle 

(a) increases COP (b) decreases COP 

(c) COP remains unaltered 

(d) other factors decide COP 

(e) unpredictable. 

For proper refrigeration in a cabinet, if the tempera- 

ture and vapour pressure difference between cabi- 


net and atmosphere is high, then 
(a) bigger cabinet should be used 


lii iii (b) smaller cabinet should be used 


(c) perfectly tight vapour seal should be used 

| (d) refrigerant with lower evaporation temperature 
should be used 

| (e) refrigerant with high boiling point must be used. 

Choose the correct statement 

Í (a) A refrigerant should have low latent heat 

(b) If operating temperature of system is low, then 
refrigerant with low boiling point should be used 

(c) Precooling and subcooling of refrigerant are 
same 

(d) Superheat and sensible heat of a refrigerant are 
same 

(e) Refrigerant is inside the tubes in case of a direct- 
expansion chiller. 

The suction pipe diameter of refrigerating unit com- 

pressor in comparison to delivery side is 

(a) bigger (b) smaller 

(c) equal 


77. 


78. 


79. 


80. 


81. 


82. 


83. 





(d) smaller/bigger depending on capacity 

(e) unpredictable. 

Moisture in freon refrigeration system causes 
(a) ineffective refrigeration 

(b) high power consumption 

(c) freezing automatic regulating valve 

(d) corrosion of whole system 

(e) breakdown of refrigerant. 

The advantage of dry compression is that 

(a) it permits higher speeds to be used 


(6) it permits complete evaporation in the 
evaporator 

(c) it results in high volumetirc and mechanical 
efficiency 

(d) all of the above 


(e) none of the above. 

Choose the wrong statement 

(a) Temperature of medium being cooled must be 
below that of the evaporator 

(b) Refrigerant leaves the condenser as liquid 


(c) All solar thermally operated absorption systems 
are capable only of intermittent operation 


(d) frost on evaporator reduces heat transfer 

(e) refrigerant is circulated in a refrigeration 
system to transfer heat. 

Under-cooling in a refrigeration cycle 

(a) increases COP (b) decreases COP 

(c) COP remains unaltered 

(d) other factors decide COP 

(e) unpredictable. 

For obtaining high COP, the pressure range of com- 

pressor should be 

(a) high (b) low 

(c) optimum (d) any value 

(e) there is no such criterion. 

The coefficient of performance is the ratio of the re- 

frigerant effect to the 

(a) heat of compression 

(b) work done by compressor 

(c) enthalpy increase in compressor 

(d) all of the above 

(e) none of the above. 

The C.O.P. of a refrigeration cycle with increase in 


evaporator temperature, keeping condenser tempera- 
ture constant, will 


(a) increase 

(c) remain unaffected 

(d) may increase or decrease depending on the type 
of refrigerant used 

(e) unpredictable. 

Vertical lines on pressure-enthalpy chart show con- 

stant 

(a) pressure lines 

(c) total heat lines 

(e) volume lines. 


(b) decrease 


(b) temperature lines 
(d) entropy lines 
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the domestic re 
j MoO a ai system 
(a) vapour compression 
(c) Carnot cycle 
(e) dual cycle. 


The general rule 
(excepting for CO, system) is to appr 


ing h.p. per ton of refrigeration 

(a) 0.1 to 0.5 h.p. per I . 

(b) 0.5 to 0.8 h.p. per ton of refrigeration 
(c) 1 to 2 h.p. per ton of refrigeration 

(d) 2 to 5 h.p. per ton | | 
(e) 5 to 10 h.p. per ton refrigeration. | 

87. Reducing suction pressure in refrigeration cycle 

(a) lowers evaporation temperature | | 
(b) increases power required per ton of refrigeration 
(c) lowers compressor capacity because vapour 1s 


86. 


88. The COP of electrolux refrigerator is equal to 


89. 


91. 


92. 


(d) reduces weight displaced by piston 


. The C.O.P. of a domestic refrigerator in comparison 


frigerators work on the fol- 


(b) vapour absorption 
(d) electrolux refrigerator 


no refrigeration systems 
ghee i oximate follow- 


ton of refrigeration 


of refrigeration 





lighter 
(e) all of the above. 


Heat absorbed by evaporator 
Heat supplied by gas burner 
Heat supplied by gas burner 
Heat absorbed by evaporator 
Heat supplied by gas burner — 
Heat absorbed by evaporator 
Heat supplied by gas burner 

(d) reverse of (c) 

(e) none of the above. 

The refrigeration effect in a dry evaporator compared 

to flooded evaporator in a similar plant is 

(a) same (b) more 

(c) less 


(d) more or less depending on ambient conditions 
(e) unpredictable. 


The C.O.P. of a refrigeration cycle with lowering of 


condenser temperature, keeping the evaporator tem- 
perature constant, will 


(a) increase (b) decrease 


(c) may increase or decrease depending on the type 
of refrigerant used 


(d) remain unaffected (e) unpredictable. 


Which of the following refrigerants has lowest freez- 
ing point ? 


100. 
(a) Freon-12 (b) NH, 
(c) CO, (d) Freon-22 
(e) SO,. 


The COP of a vapour compression plant in compari- 
son to vapour absorption plant is 

(a) more (b) less 

(c) same 

(d) more/less depending on size of plant 
(e) unpredictable. 


to domestic air conditioner will be 


94. 


95. 


96. 


97. 


98. 


99. 


101. 


MECHA. 






(a) same (b) more 
a 

less B 
= dependent on weather conditions 
(e) unpredictable. 


The evolution of heat of solution takes place in ay 
monia absorption plant when | 

(a) ammonia vapour goes into solution | 
(b) ammonia vapour 1s driven out of solution 
(c) lithium bromide mixes with ammonia 
(d) weak solution mixes with strong solution 
(e) lithium bromide is driven out of solution. l 
The change in evaporator temperature 1n a refri i 
geration cycle, as compared to change in condense 


temperature, influences the value of C.O.P. 
(a) more (b) less 
(c) equally (d) unpredictable 


(e) none of the above. | 
Presence of moisture in a refrigerant affects the | 
working of 
(a) compressor (b) condenser | 


(c) evaparator (d) expansion valve 3 


ty 


(e) heat transfer. | 
The leaks in a refrigeration system using ammon | 


are detected by 5 
(a) halide torch which on detection produces i 

greenish flame lighting E 
(b) sulphur sticks which on detection give white 7 


smoke 


(c) using regents (d) smelling 


(e) sensing reduction in pressure. E 
One of the purposes of sub-cooling the liquid refr 4 
gerant is to ` 
(a) reduce compressor overheating 


(b) reduce compressor discharge temperature 
(c) increase cooling effect 


(d) ensure that only liquid and not the vapo 4 
enters the expansion(throttling) valve 4 
(e) none of the above. 


Which of the following is not a desirable property 4 q 
a refrigerant ? d 
(a) high miscibility with oil 
(b) low boiling point 

(c) good electrical conductor 


S large latent heat (e) non-inflammable. 

Cooling water is required for following equiP™ j 
ın ammonia absorption plant 
(a) condenser 


(c) absorber 
(d) condenser and absorber 


(e) condenser, absorber and separator (rectifier). 


h ah n ranie are mixed in the proper fy : 

5 , the mixture forms a third refrigerant 4 
synthetic refrigerant (b) refrigerant mixture f 

(c) high pressure refrigerant 

(d) auxiliary refrigerant 

(e) an azeotrope. 


(6) evaporator 
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2. 


D7. 


09. 


10. 


11, 


The condenser and evaporator tubes in a Freon re- 
frigeration plant are made of 

(a) steel (b) copper 

(c) brass (d) aluminium 

(e) none of the above. 


_ The electrolux refrigerator works on 


(a) electro magnetic principle 

(b) thermo-electric principle 

(c) vapour compression system 

(d) vortex tube system 

(e) absorption refrigeration system. 


_ The denser air system (air above atmospheric pres- 


sure throughout the cycle) as compared to open air 
system, for same range of temperature in Bell- 
Colemann cycle results in 
(a) lower C.O.P. 

(c) same C.O.P. 

(e) none of the above. 


(b) higher C.O.P. 
(d) unpredictable 


_ Lithium bromide in vapour absorption refrigeration 


system is used as 

(a) refrigerant (b) cooling substance 
(c) auxiliary refrigerant (d) absorbent 

(e) lubricant. 


. In electrolux refrigerator 


(a) ammonia is absorbed in hydrogen 

(b) ammonia evaporates in hydrogen 

(c) ammonia is absorbed in water 

(d) hydrogen evaporates in ammonia 

(e) hydrogen is absorbed in water. 

What pressure is allowed on ammonia system’s high 
pressure side in absorption refrigeration system ? 
(a) atmospheric (b) 5-10 kg/cm? 

(c) 17-20 kg/cm? (d) 25-30 kg/cm? 

(e) none of the above. 


, Fittings in ammonia absorption refrigeration system 


are made of 

(a) cast steel or forgings 

(b) copper (c) brass 

(d) aluminium (e) none of the above. 
Reciprocating refrigeration compressor uses follow- 
ing type of valve 
(a) rotary valve 

(c) globe valve 

(e) ring plate valve. 
The denser air system as compared to open air sys- 
tem, for same range of temperatures in Bell- 
Colemann cycle results in 

(a) lower H.P./ton of refrigeration 

(b) higher H.P./ton of refrigeration 

(c) same H.P./ton of refrigeration 

(d) unpredictable (e) none of the above. 

The most suitable refrigerant for a commercial ice 
plant is 


(b) gate valve 
(d) poppet valve 


(a) brine (b) NH, 
(c) freon (d) air 
(e) CO, . 


112. 


113. 


114. 


115. 


116. 


117. 


118. 


119. 





Leaks in brine system can be detected by 

(a) halide torch which on detection produces 
greenish flame lighting 

(b) sulphur sticks which on detection give white 
smoke 

(c) using reagents (d) smelling 

(e) sensing reduction in pressure. 

Big refrigeration plants (of capacity of the order of 

1000 tons) usually employ following type of refrig- 

eration plant 

(a) vapour absorption 

(c) air cycle 

(e) vortex tube. 

For ammonia system, the pipe should be of follow- 

ing material 

(a) brass (b) copper 

(c) cast steel or wrought iron 

(d) aluminium (e) rubberised. 

In an atmospheric cooling tower, the temperature of 

the circulating water can be reduced to 

(a) 10-15° above surrounding atmosphere 

(b) equal to surrounding atmosphere 

(c) 10-15° below surrounding atmosphere 

(d) 50-60° below surrounding atmosphere 

(e) freezing point. 

If ice in a plant is made at — 6°C and if temperature 

difference between ice and refrigerant is 5°C, then 

refrigerant temperature is 


(b) vapour compression 
(d) electrolux refrigerator 


(a) -—1°C (b) 0°C 

(c)— 11°C (d) -6°C 

(e) — 16°C. 

The refrigerant is never filled to more than 80% of 


the rated capacity while refilling the refrigerant 

cylinder because 

(a) to avoid refrigerant decomposition 

(b) the cylinder would be too heavy for easy 
handling 

(c) the 20% vapour space provides a safety margin 
for liquid expansion when the surrounding 
temperature rises 

(d) the cylinders would become top heavy if filled 
100% and tend to fall from the upright position 

(e) it is the standard practice. 

ples of the following is not a function of refrigerant 

oil ¢ 

(a) to remove heat 

(b) to lubricate the moving parts of the compressor 

(c) to help insulate the refrigerant lines 

(d) to form a seal for the compressor valves 

(e) to dampen the noise generated by moving parts 
within the compressor. 

Oil separator in a refrigeration cycle is installed 

between the 

(a) compressor and condenser 

(b) condenser and metering device 

(c) metering device and evaporator 

(d) evaporator and compressor 

(e) none of the above. 
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120. A receiver is fitted in refrigeration 
(a) allow for variation of load 
(b) remove heat (c) conserve heat 
(d) form seal for compressor valves 
(e) reduce the compressor work. 

121. The following leak detector can be use 
halocarbon refrigerant system 
(a) ammonia soaked swab 
(6) sulphur candle 
(c) electronic leak detector 
(d) any one of the above 
(e) none of the above. 

122. Moisture in a refrigerant system is removed by 
(a) driers (b) filter-driers 
(c) dessicants (d) all of the above 
(e) none of the above. 

123. Cooling water at the inlet of condenser of a refri- 
geration plant enters at 20°C and leaves at 25°C. 
The refrigerant would be condensing at about 


unit in order to 


d on a positive 


(a) 20°C (b) 25°C 
(c) 30°C (d) 15°C 
(e) 55°C. 


124. The ideal location for a filter-drier in a refrigeration 
cycle is the point where it will remove moisture be- 
fore the moisture enters the 
(a) condenser (b) compressor 
(c) cold side of system (d) warm side of system 
(e) all of the above. 

125. The purpose of installing a flash chamber in the re- 
frigeration circuit is to 
(a) improve overall heat transfer coefficient 
(b) reduce pressure losses through the evaporator 
(c) reduce: the size of evaporator by avoiding 

vapours going to evaporator 
(d) all of the above (e) none of the above. 
126. Which of the following refrigerants has the highest 
critical point temperature ? 
(a) Freon-11 (6) Freon-12 
(c) Freon-22 (d) Ammonia 
(e) none of the above. 
127. The work input requirement for ammonia-absorp- 
tion refrigeration cycle is low, because 
(a) ammonia has high thermal conductivity 
(6) ammonia has high latent heat 
(c) ammonia is compressed in gaseous form 
(d) pumping process involves vapour 
(e) pumping process involves liquid. 
128. The following type of expansion device is utilised in 
flooded evaporator 
(a) motor operated valve 
(b) self-actuated expansion valve 
(c) capillary tube » 
(d) thermostatic device 
(e) float valve. | 
129. Subcooling occurs when the vapour 
(a) removes latent heat from the refrigerant 
(b) removes sensible heat from the refrigerant 
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(c) has high latent heat 
(d) has low latent heat = 
(e) has high iP Jae É 
the correct state : 
130. A absorption system is well known for its 
silent operation 
(b) Automatic expansion valve is used to aut, 
matically control superheat . 
(c) Capillary tube can’t be used for metering 
(d) Condenser is usually located inside th 
refrigerated space 
(e) Refrigerant absorbs heat in the condenser, 
131. Which of the following refrigerant characteristic 
change constantly during the cooling cycle ? 
(a) pressure and phase (b) phase and flow 
(c) flow and temperature 
(d) temperature and pressure 
(e) flow and pressure. 
132. What is the usual form of liquid oil particles in ą 
refrigerant ? 
(a) fine fog 
(c) individual droplets 
(e) none of the above. 
133. Which of the following refrigerants has highest re. 
frigeration efficiency ? 
(a) Freon-11 
(c) R-12 
(e) SO,. 
134. Chilled water with the application of principle of 
flash cooling is obtained by the following system 
(a) absorption refrigeration system 
(6) vapour compression system 
(c) vortex system 
(d) electro-mechanical system 
(e) steam jet refrigeration system. 
135. Presence of flash gas in the liquid feed to the expan- 
sion valve can cause the problem of 
(a) feeding the evaporator unevenly 
(b) loss of cooling capacity 
(c) damage to the valve 
(d) all of the above 
(e) none of the above. 
136. - ee regulator performs the fol- 
(a) monitors evaporator temperature 
(6) maintains compressor inlet pressure 
(c) keeps pressure up for system needs 
(d) all of the above 
m = none of the above. 
7. e refrigeration . 
ee a from PE a oe a 
(a) suction of compressor 
(6) crank case of compressor 
(c) evaporator 
(e) expansion valve. 


138. Which of the followin 
ve g refrigerant 
critical point pressure ? Serants has the highest 


(b) mist 
(d) all of the above 


(6) Freon-22 
(d) R-113 


(d) receiver 
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g (a) Freon-11 (b) Freon-12 
(c) Freon-22 (d) Ammonia 
(e) none of the above. 
139. The refrigerator which does not require compressor 
is known as 
(a) vapour absorption refrigerator 
(b) vapour compression refrigerator 
(c) electrolux refrigerator 
(d) Carnot refrigerator 
(e) turbo-refrigerator. 

140. A hermetically sealed unit implies 
(a) compressor is sealed 
(b) compressor motor is sealed 
(c) refrigerant cycle is sealed 
(d) complete refrigeration unit is sealed 
(e) compressor and motor are sealed. 

141. Which of the following is not a desirable property 
of the refrigerant in a vapour compression refri- 
gerator ? 

(a) high h.p. per ton of refrigeration 

(b) high critical temperature and pressure 

(c) low vapour and liquid densities 

(d) high latent heat of vaporisation and low specific 
heat 

(e) high COP and thermal conductivity. 

142. Which of the following is not a desirable property of 
good insulating material ? 
(a) light weight (b) high heat conductivity 
(c) odourless (d) low initial cost 
(e) conformability. 

143. The function of brine agitator in ice plant is to 
(a) increase refrigeration effect 
(b) increase COP 
(c) reduce compressor power 


147. Choose the correct statement 

(a) Automatic expansion va 
control superheat and subcooling 

(b) Amount of heat rejected by condenser is equal to 
amount of heat absorbed by evaporator 

(c) Evaporator rejects heat from the refrigerating 
system 

(d) Condensation is the process of changing vapour 
into liquid at constant temperature 

(e) Freezing of a refrigerant in the evaporator is 
desirable. 

148. Which of the following refrigerating plants requires 
no electricity ? 

(a) vapour absorption (b) vapour compression 
(c) air-refrigeration (d) vortex tube 
(e) steam jet refrigeration. 

149. Which of the following refrigerants has the lowest 
freezing point temperature ? 

(a) Freon-11 (b) Freon-12 
(c) Freon-22 (d) Ammonia 
(e) none of the above. 

150. Cryogenics refers to Q 
(a) refrigeration at low temperature 
(b) thermodynamic analysis at low temperature 
(c) refrigeration and air-conditioning in aeroplane 
(d) engineering field concerned with equipment in 

the range of — 180°C to absolute zero 
(e) refrigeration under vacuum conditions. 

151. Which are the correct statements in respect of pres- 
sure ratio of compressor (Q. 151 and 152) and mass 
of regrigerant circulated per ton of refrigerant circu- 
lated per ton of refrigeration (Q. 153 and 154) for 
various refrigerants given below for a vapour com- 
pression system operating between temperature lim- 
its of — 15°C and 30°C ? 





lve can be used to 


(d) obtain uniform temperature of brine Refrigerant Pressure ratio Mass of 
(e) all of the above. | of compressor refrigerant / 
' 144, One of the reasons for an evaporator to not cool may ton of 
be refrigeration 
(a) frozen oil (b) faulty thermostat Freon-llas (a) highest n 
(c) leaking refrigerant compared to (b) lowest — 
(d) insufficient lubricant in refrigerant Freon-12, (c) same sine 
(e) lot of frozen ice on it. Freon-22 (d) depends on -n 
145. Choose the wrong statement and NH, other factors — 
(a) Liquid refrigerant is charged into the (e) Unpredictable ai 
compressor suction or discharge valve ports 152. Freon-22 (a) highest — 
(b) System is discharged easily with refrigerant in as compared to (b) lowest _ 
vapour form than in liquid form l Freon-11 (c) same — 
(c) An absorption system is quiet in operation Freon-12 (d) depends on other _ 
(d) Non-condensable gases raise the condensing and NH factors 
pressure above that required for the condensing 3 aneia 7 
: temperature : liquid 153. Amonia (a) — maximum 
(e) Refrigerant leaves the condenser as aay as compared to (b) pe minimum 
146. For same compressor work, COP of refrigerator as regal (c) _ ania 
compared to COP of heat purap A Freon-12and (d) — depends on 
(a) low (b) high ne high or] other factors 
(c) same (d) may be high or 0Y Freon-22 (e) — unpredictable 
(e) unpredictable. 
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164, Freon-12 as 
compared to 


Freon-11 (a) — maximum 
Freon-12 (b) — minimum 
and (c) — same 
NH, (d) — depends on 
other factors 
(e) -— unpredictable 
155. Chemical formula of Freon-12 is 
(a) CCL F, (b) CCLF, 
(e) COLF, (d) CCF, 
(e) CCIF,. 
156. Airconditioning is concerned with maintaining 
(a) temperature (6) humidity 
(c) cleanliness (d) all the three above 


(e) none of the above. 
157. Saturation temperature 
(a) is not a comfortable temperature 
(6) can be attained by lowering pressure 
(c) for any given pressure, is one and only one at 
which steam starts to vaporise or condense 


(d) is very important parameter in air conditioning 
(e) none of the above. 


158. Relative humidity is equal to 


(a) p/P, (b) PJP, 
(c) 1 — Pv (d) 1- Ps 

Ps Py 
(e) Pa~ Py 





where, p, = partial presure of water vapour in the air 
and p, = Saturation pressure of water vapour at 
same temperature. 
159. Relative humidity is 
(a) something concerned with air conditioning 
(b) the ratio of moisture present in air to the 
capability of air to hold maximum moisture 
(c)the ratio of actual humidity to absolute 
humidity 
(d) representative of amount of moisture held in air 
(e) none of the above. 
160. The air temperature at which water vapour in the 
air starts condensing is known as 
(a) dry bulb temperature (b) wet bulb temperature 
(c) saturation temperature 
(d) dew point temperature 
(e) relative humidity. 
161. Dew point is 
(a) the temperature at which condensation of steam 
in saturated air will start 
(b) the lowest attainable temperature for a mixture 
of air and steam 
(c) dependent on pressure of air 
(d) used in connection with air conditioning 
(e) none of the above. 
162. As warm air cools, its relative humidity 
(a) increases (b) decreases 
(c) remains unaffected 


163. 


164. 


165. 


166. 


167. 


168. 


169. 


170. 
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(d) increases upto a limit and then decreases 

(e) decreases upto a limit and then increases 

The process of addition of moisture to air at th 

stant dry bulb temperature is known as 

(a) humidification (b) dehumidification 

(c) sensible cooling (d) air conditioning 

(e) dehydration. 

Indication of amount of moisture in air is given by 

(a) dry bulb temperature (b) wet bulb temperatur 

(c) dew point temperature 

(d) saturation temperature 

(e) none of the above. 

Wet bulb temperature is 

(a) indication of amount of moisture in air | 

(b) measured by wetting the bulb of th. 
thermometer | 

(c) less than dry-bulb temperature 


(d) dependent on the dryness and temperature of | 
air 


(e) none of the above. 

Humidity ratio or specific humidity is the | 

(a) mass in kg of water vapour contained in the air. | 
vapour mixture per kg of dry air 

(b) mass of the water vapour in kg contained in m? | 
of air vapour mixture at its total pressure | 

(c) ratio of kg of moisture actually contained per kg 
of dry air and kg of moisture required to | 


saturate one kg of dry air at same dry bulb | 
temperature 





c Con. | 
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i 


(d) ratio of the mass of water vapour in air in 2 | 
given volume at a given temperature to the mass | 
of water vapour contained in the same volumeat | 
Same temperature when air is saturated | 

(e) mass of vapour in a unit volume of dry air in an | 
air vapour mixture. i 

The ratio of the actual partial pressure of the water | 

vapour of the air-vapour mixture, to the pressure of 

the saturated water vapour at the same dry bulb 
temperature of the air, is known as 

(a) relative humidity (b) absolute humidity 

(c) specific humidity (d) humidity ratio 

(e) degree of saturation. 


Dew point temperature is constant as long as there | 
is | 


(a) no change in moisture content of the air 
(b) no change in the volume of air | 
(c) no change in wet bulb and dry bulb temperatu”? 
(d) no change in relative and specific humidity of ay 
(e) continuous increase in moisture content of ai "he 
Heating of air without changing its moisture co. | 
tent takes place on psychrometric chart along 
(a) a horizontal line of the constant dew point 
(b) rising line (c) falling line 
(d) curved line (e) none of the above. 
Spray humidifying is the process of adding moist 
to the air by passing it through t 
(a) chiller (b) air conditioning pla” 
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(c) washers 
(e) none of the above. 

171. Dehumidification is the process of rem 
ture from air with dry bulb temperatur 
(a) increasing 
(c) remaining constant 
(d) changing in any direction 
(e) corresponding to saturation condition. 

172. The saturation temperature of the water at the par- 
tial pressure of the water vapour in the air-y 
mixture is known as 
(a) dry bulb temperature (b) wet bulb temperature 
(c) dew point temperature 
(d) saturation temperature 
(e) vapour density. 

173. Which of the following relationship is wrong ? 

(a) total heat of moist air varies with wet bulb 
temperature 
(b) sensible heat depends on dry bulb temperature 
(c) latent heat depends on dew point 
(d) dew point is fixed by the amount of moisture 
present 
(e) none of the above is wrong statement. 
174, Relative humidity is the 
(a) mass in kg of water vapour contained in the air 
vapour mixture per kg of dry air 
(b) mass of the water vapour in kg contained in mê 
of air vapour mixture at its total pressure 
(c) ratio of kg moisture actually contained per kg of 
dry air and kg of moisture required to saturate 
one kg of dry air at same dry bulb temperature 
(d) ratio of the mass of water vapour in air in a 
given volume at a given temperature to the mass 
of water vapour contained in the same volume at 
same temperature when air is saturated 
(e) none of the above. 
175. For unsaturated air, wet bulb temperature is 
(a) less than dry bulb temperature 
(b) less than dew point 
(c) more than dry bulb temperature 
(d) more than dew point 
(e) unpredictable. 
176. Absolute humidity or vapour density is the | 
(a) mass in kg of water vapour contained in the alr- 
vapour mixture per kg of dry air. l i 
(b) mass of the water vapour in kg contained in m 
of air vapour mixture at its total pressure. 
(c) ratio of kg of moisture actually contained per kg 
of dry air and kg of moisture required to 
œ at same dry bulb 
saturate one kg of dry air a 
temperature. a A 
(d) ratio of the mass of water vapour in alr in a 
given volume at a given temperature to ane = en 
of water vapour contained in the same ye ume 
same temperature when air is saturated. 
(e) none of the above. 
177, Wet bulb temperature is 
(a) less than dry bulb temperature 


(d) any one of the above 


oving mois- 
e 
(b) decreasing 


apour 


178. 


179. 


180. 


181. 


182. 


183. 





(b) same as saturation temperature 

(c) indication of moisture content in air 

(d) most Important parameter used in psychro- 
metric problems 

(e) indication of performance of air conditioning 
system. 


The psychrometric chart in air conditioning deter- 

mines the 

(a) wet bulb and dry bulb temperature 

(6) psychrometric temperature requirements 

(c) saturation temperature and relative humidity 

(d) moist air conditions 

(e) all of the above. 

The weight of the water vapour in kg contained in 1 mê 

of air-vapour mixture at its total pressure is known 

is 

(a) degree of saturation (b) per cent humidity 

(c) humidity ratio (d) relative humidity 

(e) vapour density. 

The comfort conditions in air conditioning system 

are defined by 

(a) 22°C dry bulb temperature (DBT) and 60% 
relative humidity (RH) 

(b) 25°C DBT and 100% RH 

(c) 20°C DBT and 75% RH 

(d) 15°C DBT and 80% RH 

(e) 25°C DBT and 40% RH. 

Percentage humidity or degree of saturation is the 

(a) mass in kg of water vapour contained in the air- 
vapour mixture per kg of dry air 

(b) mass of the water vapour in kg contained in m? 
of air vapour mixture at its total pressure 

(c) ratio of kg of moisture actually contained per kg 
of dry air and kg of moisture required to 
saturate one kg of dry air at same dry bulb 
temperature 

(d) ratio of the mass of water vapour in air in a 
given volume at a given temperature to the mass 
of water vapour contained in the same volume at 
same temperature when air is saturated 

(e) none of the above. 

Vapour density is defined as the 

(a) mass in kg of water vapour contained in the air- 
vapour mixture per kg of dry air 

(b) mass of the water vapour in kg contained in m 
of air vapour mixture at its total pressure 

(c) ratio of kg of moisture actually contained per kg 
of dry air and kg of moisture required to 
saturate one kg of dry air at same dry bulb 
temperature . 

(d) ratio of the mass of water vapour in air in a 
given volume at a given temperature to the mass 
of water vapour contained in the same volume at 
same temperature when air is saturated 


(e) none of the above. | 
At 100% relative humidity, wet bulb temperature is 
(a) more than dew point (b) less than dew point 


(c) same as dew point 
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(d) has no relation with dew point 
(e) unpredictable. 
isd. As relative humidity decreases, the dew point will 
be 
(a) lower than wet bulb temperature 
(6) higher than wet bulb temperature 
(c) equal to wet bulb temperature 
(d) no such correlation exists 
ie) unpredictable. 
For a given dry bulb temperature, as the relative 
humidity decreases, the wet bulb temperature will 
(a) increase 


i85, 


(b) decrease 

(c) be same 

(d) increase/decrease depending on other factors 
(e) none of the above. 


i86. The difference between dry bulb and wet bulb tem- | 


perature increases as 
(a) air becomes wetter (b) air becomes drier 
(c) atmospheric temperature rises 

(d) atmospheric temperature decreases 


te) air humidity remains constant. 


187. The ratio of kg of moisture actually contained per kg | 
of dry air to the kg of moisture required to saturate — 
1 kg of air at the same dry bulb temperature is known | 


as 
(a) humidity ratio (b) relative humidity 
(c) degree of saturation (d) specific humidity 
(e) vapour density. 
i88. At 100% relative humidity, the temperatures—dry 
bulb, wet bulb, dew point and saturation are 
(a) equal (b) different 
(c) two equal, two different 
(d) three equal, one different 
oo (e) none of the above. 
189. Sensible heat is the heat needed to 
(a) vaporise water into steam and vice versa 
(b) change the temperature of a liquid or vapour 
(c) convert water into steam and superheat it 
(d) measure dew point temperature 
(e) none of the above. 
Adiabatic saturation is the process of 
(a) increasing humidity ratio without change in 
heat content 
__ (b) keeping humidity ratio constant with change in 
Li dry bulb temperature 
= (c) heating air without changing humidity ratio 
_ (d) adding modture at same wet bulb temperature 
(e) none of the above. 
J. Air is dehumidified by 
: SP (a) heating (b) cooling 
< (c) chemical absorption (d) (a) and (c) above 
_ (e) (b) and (c) above. 
When air is adiabatically saturated, the tempera- 
ure attained is known as 
j dry bulb temperature 
b) wet bulb temperature 
2) dew point temperature 


193. 


194. 


195. 


196. 


198. 


199, 


200. 
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(d) critical temperature 

(e) adiabatically saturated temperature, 

Dehydration is a form of dehumidifying process 

(a) without the removal of heat at the same time 

(b) with removal of heat at the same time q 

(c) converting latent heat of entering air iit; $ 
sensible heat in the leaving air 

(d) (a) and (c) above 

(e) (b) and (c) above. 

Latent heat is the heat needed to 

(a) vaporise water into steam and vice versa 

(b) change the temperature of liquid or vapour 

(c) convert water into steam and superheat it 

(d) convert ice into steam 

(e) convert water to supercooled ice. 

When a mixture of air and water vapour is cooled z/ 

constant pressure upto saturation temperature d| 

water vapour, the temperature attained is know: 

as | 

(a) dry bulb temperature (b) wet bulb temperatur: | 

(c) dew point temperature 

(d) critical temperature 

(e) adiabatically saturated temperature. 

Total heat is the heat needed to 

(a) vaporise water into steam and vice versa 

(b) change the temperature of a liquid or vapour 

(c) convert water into steam and superheat it 

(d) convert ice into steam 

(e) convert water to supercooled ice. 


TT ee, o Rie Ceres 


. For completely dry air, total heat is 


(a) sum of latent heat and sensible heat 

(b) same as sensible heat 

(c) same as latent heat 

(d) more than sensible heat 

(e) less than sensible heat. 

Psychrometric chart 

(a) is seldom used for air conditioning design 

(b) provides plots for moist air conditions 

(c) enables to determine wet bulb, and dew poe 
temperature 


(d) is a chart for conversion of British system ioe | 
metric system 


E 
[ 





(e) is used to determine properties of refrigeraD™ 


On psychrometric chart, dry bulb temperature loč f 
are 


(a) horizontal (b) vertical 


(c) straight inclined sloping downward to the rig | 
(d) curved 


(e) none of the above. E 
Central air conditioning system is normally emplor® 
where refrigeration and air conditioned air req? 


ments respectively are more than 
(a) 1 ton and 500 m?/min. 

(b) 10 tons and 1000 m?/min. 

(c) 25 tons and 2500 m4/min. 

(d) 50 tons and 5000 m?/min. 

fe) 100 tons and 7000 m/min. 
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: a 201. Usually central air conditioning system as compared 
to individual system has 
(a) higher overall efficiency 
(b) lower overall efficiency 
(c) same overall efficiency 
(d) depends on other factors 
: (e) unpredictable. 
202. Enthalpy of air-vapour mixture consists of 
i (a) sensible heat of dry air between 0°C and dry 
bulb temperature 
(b) total enthalpy of the contained water vapour at 
saturation temperature 
(c) heat of superheat of the contained water vapour 
(d) all of the above 
(e) none of the above. 
203. Usually the quantity of free air per person in air con- 
ditioning system is taken as 
(a) 1.2 m/sec (b) 1.2 m/min 
(c) 1.2 m%/hr (d) 6 m3/min 
(e) 0.2 m/min. 
204. On psychrometric chart, relative humidity lines are 
(a) horizontal (b) vertical 
(c) straight inclined sloping downward to the right 
(d) curved (e) none of the above. 
205. Humidification process involves 
(a) an increase in relative humidity 
(b) a decrease in relative humidity 
(c) an increase in specific humidity 
(d) a decrease in specific humidity 
(e) none of the above. 
206. Air is normally dehumidified by 
(a) injecting water (b) passing steam 
(c) heating (d) cooling 
(e) superheating. 
207. The process of mixing two or more streams of moist 
air 1s 
(a) adiabatic 
(c) constant volume 
= (e) polytropic. 
= 208. At 100% relative humidity 
= (a) dew point equals wet bulb temperature 
(b) dry bulb temperature equals wet bulb 
= temperature 
= (c) saturation and dew point t 
i. equal 
= (d) all of the above 
209. On psychrometric chart, dew point tempera 
ie ae ; are 
= (a) horizontal 
— (c) straight inclined slo 
~ (d) curved 
210. With decrease in rela 
becomes 
a) more than wet bulb temperature 
(b) less than wet bulb temperature 
(c) equal to wet bulb temper ature 


i 


(b) isothermal 
(d) constant pressure 
















emperatures become 


(e) none of the above. 
ture lines 


(b) vertical 
ping downward to the right 
(e) none of the above. 
tive humidity, the dew point 


r 





(d) more than dry bulb temperature 


(e) unpredictable. 
211. Which process does curve AB in Fig. below depict ? 


Dew point 





Dry bulb temperature 


(a) heating without moisture change 
(b) cooling, humidifying by sprays 
(c) heating, humidifying by sprays 
(d) cooling, dehumidifying by sprays 
(e) cooling without moisture change. 
212. Which process does curve CD in Fig. above depict ? 
(a) heating without moisture change 
(b) cooling, humidifying by sprays 
(c) heating, humidifying by sprays 
(d) cooling, dehumidifying by sprays 
(e) cooling without moisture change. 
213. Which process does curve EF in Fig. above depict ? 
(a) heating without moisture change 
(b) cooling, humidifying by sprays 
(c) heating, humidifying by sprays 
(d) cooling, dehumidifying by sprays 
(e) cooling without moisture change. 
214. Which process does curve GH in Fig. above depict ? 
(a) heating without moisture change 
(b) cooling, humidifying by sprays 
(c) heating, humidifying by sprays 
(d) cooling, dehumidifying by sprays 
(e) cooling without moisture change. 
215. Which process does curve IJ in Fig. above depict ? 
(a) heating without moisture change 
(b) cooling, humidifying by sprays 
(c) heating, humidifying by sprays 
(d) cooling, dehumidifying by sprays 
(e) cooling without moisture change. 
216. Which process does curve KL in Fig. above depict i 
(a) cooling, dehumidifying by sprays 
(b) chemical drying, coil cooling 
(c) coil heating, spray humidifying 
(d) cooling, dehumidifying by sprays 
(e) cooling, humidifying by sprays. 
917. The saturation temperature for a given pressure is 
(a) the temperature at which steam starts vapo- 
rising or condensing 
(b) same as wet bulb temperature 
(c) same as dry bulb temperature 
(d) same as dew point temperature 
(e) the minimum/maximum temperature attain- 
able. 
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(c) specific humidity decreases 





218. On psychrometric chart, wet bulb temperature ai (d) specific humidity is unpredictable 

ee (e) none of the above. 

| (a) horizontal (b) vertical ‘ch of the following parameter decreases durin, | 

| icht incli d to the right 229. Whic B g 

| (c) straight inclined sloping downwar sensible cooling of air ‘ . 

| (d) curved (e) none of the above. (a) specific humidity (b) relative humidity 

| 219. If air 7 heated aaen changing its moisture con- (c) dry bulb temperature (d) wet bulb temperatur 
tent, the dew point wi bove 

, (e) all of the above. l 

| (a) increase (b) decrease 930, Aircraft refrigeration cycle employs centrifugal com. | 

| hr iiaa bl (e) none of the above. pressor in place of'recip SEE oe ne pre Gas 

| 2 I r i “dif ti the dry bulb tem- turbine in place of reciprocating expander ior the 

20. In eed humidification process, y following reason | | | 

re ced (a) high compression/expansion ratio | 
(a) ihoia A Da otabl (b) less maintenance problem | 
(c) remains same GYoapreaciene (c) capability of handling larger volume of air | 


(d) less power consumption 


221. Which of the following parameters remains constant ' 
(e) no need of intercooling. 


during adiabatic saturation process on unsaturated 


ee 


| 
| 
| (e) none of the above. 
f 
| 

















air ? 231. In humidification process 
(a) wet bulb temperature (b) dry bulb temperature (a) relative humidity increases | 
| (c) dew point temperature | (b) relative humidity decreases | 
| (d) absolute humidity (c) specific humidity increases | 
| (e) relative humidity. (d) specific humidity decreases | 
222. Dust and other impurities in air are removed by (e) specific humidity and relative humidity remain | 
(a) air washing (6) centrifugal device same. : 
(c) electrostatic precipitation 232. Sensible heating or cooling of air is the process of 
(d) adhesive impregnated filters heating or cooling 
(e) any one of the above. (a) at same humidity ratio | 
223. In spray humidification process, the total heat (6) while changing the humidity ratio | 
(a) is increased (b) is decreased (c) at constant dry bulb temperature | 
(c) remains same (d) unpredictable (d) at same wet bulb temperature | 
(e) none of the above. (e) none of the above. | 
224. Air refrigeration cycle is used in aeroplanes because 233. During evaporative cooling process the wet bulb tem- | 
of perature | 
(a) high heat transfer rate of air (a) increases (b) decreases | 
(6) higher COP (c) remains constant (d) may increase/decrease | 
(c) lower temperature attainable (e) unpredictable. | 
(d) lower weight of machine per ton of refrigeration 234, Sensible heating or cooling process on psychromet- 
(e) ease of availability of cold air at high altitudes. ric chart is represented by 
225. Air is dehumidified by (a) vertical line 
(a) heating (b) cooling (6) horizontal line 
(c) injecting water (d) injecting steam (c) inclined line (increasing) 
(e) none of the above. (d) inclined line (decreasing) 
226. The relative humidity during sensible cooling pro- (e) none of the above. 
cess 235. IfS is the sensible heat and L the latent heat, the? 
(a) REPRES (b) decreases sensible heat factor is given by 
(c) remains same (d) unpredictable S L 
(e) none of the above. (a) RIL (b) 
227. Dehydration is the process S4 L S+L 
(a) of removing water vapour from surrounding air (c) S (d) dai 
(b) S to dehumidification without removal of S 
(e) i di , : , GF (e) i 
c) in which latent heat of incoming air is converted S-L 
r aa sensible heat leaving the air 236. IfH, and H, be total heat of air entering and leaving 
) a l the three above (e) none of the above. the heating coil, and H, is total heat of air at the e” 
228, During the sensible cooling process of heating and humidification, then sensible he! 
(a) specific humidity remains constant factor during the heating and humidification proces’ 
(b) specific humidity increases is given by 
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Ift, and t, be dry bulb temperatures of air entering 
and leaving the cooling coil and t, the dry tempera- 
ture of cooling coils then by-pass factor in case of 
sensible cooling of air is given by 





(a) to -b3 @) 4-4 
TE Gt 
_t = 

(c) 2— fay 2-3 
b-h G-k 
t t 

(e) 1-2 
2 — t3 


If bypass factor is B during sensible cooling of air 
then coil efficiency is given as 


> 





(a)1-—-B (6)B-1 
1 1 

(c) — d) —— 

o) (d) > 
B 

( i 

e) B 


Itis permissible to determine the resulting tempera- 
ture of a mixture of air by the percentage method in 
the following cases 

(a) wet bulb temperature 

(b) dry bulb temperature 

(c) dew point 

(d) saturation temperature 

(e) none of the above. 

Which of the following parameter increases during 
heating and humidification process ? 

(a) humidity ratio 

(6) dry bulb temperature 

(c) wet bulb temperature 

(d) saturation temperature 

(e) all of the above. 


. Sensible heat is the heat 


(a) that can be added or removed form a substance 
without a change of state 

(b) that is required to change the state of a substance 

(c) corresponding to latent heat 


| (d) all of the above 


(e) none of the above. 


. During sensible cooling process, wet bulb tempera- 


ture 
(b) increases 
(d) unpredictable 


(a) remains same 
(c) decreases 
(e) none of the above. 


. Dew point temperature is always an indication of 


(a) dryness of air (6) latent heat 
(c) moisture content of the air 
(d) coolness of air (e) none of the above. 
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Both dehumidification and cooling can be achieved 

by passing air over a cooling coil whose effective sur- 

face temperature is 

(a) higher than the dew point temperature of the 
entering air 

(b) lower than the dew point temperature of the 
entering air 

(c) equal to the dew point temperature of the 
entering air 

(d) lower than the dry bulb temperature of the 
entering air 

(e) none of the above. 


. Sensible heat ratio, i.e, ratio of sensible heat removed 


divided by the total heat removed, in most comfort 
air conditioning is above 
(a) 10% 

(c) 50% 

(e) none of the above. 
Centigrade and Fahrenheit scale have same read- 


(b) 25% 
(d) 90% 


ing at 
(a) — 40° (b) — 100° 
(c) — 25° (d) — 273° 


(e) none of the above. 
Commonly used liquid absorbent is 

(a) silica gel (6) activated alumina 

(c) ethylene glycol (d) any one of the above 
(e) none of the above. 

Boiling temperature of ammonia is 

(a) — 33.33°C (6) — 78.5°C 

(c) — 29.8°C (d) — 40.7°C 

(e) none of the above. 

During heating and humidification process, the rela- 
tive humidity 

(a) increases (6) decreases 

(c) May increase or decrease 

(d) remains constant (e) unpredictable. 

In sensible heating/cooling, following parameter 
remains constant 

(a) dry bulb temperature (b) wet bulb temperature 
(c) relative humidity (d) enthalpy 

(e) humidity ratio. 

Which of the parameter remains constant during 
evaporative cooling process through an air washer 
with the same water recirculated again and again ? 
(a) wet bulb temperature (b) dry bulb temperature 
(c) dew point (d) absolute humidity 

(e) relative humidity. i 
Boiling temperature of CO, is 

(a) — 33.33°C 


(b) — 78.5°C 
(c) — 29.8°C (d) — 40.7°C 
(e) none of the above. . 
Heating and dehumidification can be achieved simul- 


taneously if air is passed through 

(a) sprays of water ma 
higher than the de 
entering air 


(b) a solid absorbent Surface 


intained at a temperature 
W point temperature of the 
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iqui t spray 
(c) a liquid absorben 
(d) any one of the (b) and (c) 
e of the above. 
pean humidity during evaporative cooling 


with recirculated water spray 
age (b) decreases 


e (d) unpredictable 


(c) remains same 

(e) none of the above. | 

Boiling temperature of Fr-12 is 

(a) — 33.33°C (b) — 78.5°C 

(c) — 29.8°C (d) — 40.7°C 

(e) none of the above. 

Cooling and humidification can be achieved by wash- 

ing air through sprays of water maintained at a tem- 

perature 

(a) lower than the dew point temperature of the 
entering air 

(6) higher than the dry bulb temperature of the 
entering air 

(c) higher than the dew point temperature of the 
entering air 

(d) more than the wet bulb temperature of the 
entering air 

(e) none of the above. 

Boiling temperature of Fr-22 is 

(a) — 33.33°C (b) — 78.5°C 

(c) — 29.8°C (d) —- 40.7°C 

(e) none of the above. 

Pure humidification can be achieved by Passing air 

through the spray water maintained at 

(a) wet bulb temperature 

(b) dry bulb temperature 

(c) dew point temperature 

(d) degree of saturation 

(e) none of the above. 

= following gas is preferred in refrigeration sys- 

m | 

(a) Fr-12 

(c) NH, 

(e) Fr-11, 

The BHP/ton refrigeration requirement with 


(6) Fr-22 
(d) CO, 


(c) first increase and then decrease 
(d) first increase slowly and then rapidly 
(e) none of the above. 


almost constant through 





262. 


263. 


264. 


265. 


267. 






(d) other data are required to determine the 


(e) none of the above. | 
Cooling effect in a cooling tower can be speede 


(a) increasing air velocity over the wet surfar ? 

(b) lowering the barometric pressure 

(c) reducing humidity of air 

(d) all of the above (e) none of the above 

Cooling range in cooling tower is the 

(a) difference in temperature of hot water entan 
and cold water leavıng 

(b) difference in temperature of the cold Wa 
leaving the cooling tower and the wet b 
temperature of surrounding air 

(c) difference in temperature of the cold water ay 
atmospheric temperature 

(d) amount of heat thrown away by the cg; 
tower in kcal/hr 

(e) none of the above. 

Cooling towers are installed where 

(a) water is available in plenty 

(6) water is scarce 

(c) for very big plants 

(d) for very small plants 

(e) finances are easily available. 

Heat load of cooling tower is 

(a) difference in temperature of hot water entering 
and cold water leaving 

(6) difference in temperature of the cold water 
leaving the cooling tower and the wet bub 
temperature of surrounding air 

(c) difference in temperature of the cold water and 
atmospheric temperature 


(d) amount of heat thrown away by the cooling 
tower in kcal/hr 
(e) none of the above. 


. Approach of cooling tower means 


(a) difference in temperature of hot water enterin 
and cold water leaving 

(b) difference in temperature of the cold wate 
leaving the cooling tower and the wet bulb 
temperature of . surrounding s 

(c) difference in temperature of the cold water ani 
atmospheric temperature 

(d) amount of heat thrown away by the cooling 
tower in kcal/hr | 

(e) none of the above. 

Drift in cooling tower refers to 

(a) difference in temperature of hot water enterin 
and cold water leaving 

(6) difference in temperature of the cold wate 
leaving the cooling tower and the wet bul 
temperature of Surrounding air 

(c) difference in temperature of the cold water and 
atmospheric temperature 

(d) amount of heat thrown away by the cooling 
tower in kcal/hr 

(e) none of the above. 
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968. Drift loss 

(a) 1 to 5% 

(c) 10 to 20% 

(e) none of the above. 
9, Water, by evaporative cooling, can theoretically be 


cooled down to 
(a) atmospheric temperature 
(b) air’s dry bulb temperature 
(c) air’s wet bulb temperature 
(d) air’s dew point temperature 
(e) air’s saturation temperature. 
970. Cooling range in case of cooling ponds and towers is 
the temperature difference between 
(a) hot and cold water 
(b) actual cold water and air’s wet bulb 
(c) actual cold water and air’s dry bulb 
(d) actual hot water and air’s dry bulb 
(e) actual hot water and air’s wet bulb. 
971. ‘Approach’ in case of cooling ponds and towers is the 
temperature difference between 
(a) hot and cold water 
(b) actual cold water and air’s wet bulb 
(c) actual cold water and air’s dry bulb 
(d) actual hot water and air’s dry bulb 
(e) actual hot water and air’s wet bulb. 
972. The amount of blowdown water wasted in cooling 
towers depends on 
(a) overflow to the towers 
(6) weather conditions 
(c) load on the tower 
(d) hardness of the circulating water 
(e) none of the above. 
273. Scale is prevented in cooling towers by 
(a) controlling blowdown to keep the concentration 
of soluble and scale forming solids below a limit 
(b) softening the make up water with lime and soda 
ash, zeolite or some of the several phosphates 
(c) adjusting pH between 7 to 7.5 
(d) adding chlorine, copper sulphate, potassium 
permanganate etc. to the circulating water 
ae (e) (a) and (b) above. 
_ 214. Delignification (eating up of wood) in cooling tower 
___Iscontrolled by 
_ (a) controlling blowdown to keep the concentration 
ERES of soluble and scale forming solids below a limit 
(b) softening the make up water with lime and soda 
ash, zeolite or some of the several phosphates 
H (c) adjusting pH between 7 to 7.5 
; K (d) adding chlorine, copper sulphate, potassium 
_ permanganate etc. to the circulating water 
(e) (a) and (b) above. 
Ih cooling tower, water is cooled by the process of 
(a) condensation (b) fusion 
c) evaporation (d) sublimation 
oe e) all of the above. 
a Filling or decking in a cooling tower increases the 
fte of heat transfer by providing 


in cooling tower is of the order of 
(b) 5 to 10% 
(d) 25 to 50% 


26 
























(a) increased flow of water 

(b) increased flow or air 

(c) increased flow of water and air 
(d) a large amount of wetted surface 


(e) none of the above. 
277. In an evaporative condenser, the rate at w 
water evaporates depends upon the 
(a) dry bulb temperature 
(b) wet bulb temperature 
(c) sensible heat 
(d) all of the above 
(e) none of the above. 
278. Algae formation in cooling tower is controlled by 
(a) controlling blowdown to keep the concentration 
of soluble and scale forming solids below a limit 
(b) softening the make up water with lime and soda 
ash, zeolite or some of the several phosphates 


(c) adjusting pH between 7 to 7.5 
(d) adding chlorine, copper sulphate, potassium 
permanganate etc. to the circulating water 


(e) (a) and (b) above. 
279. Cooling towers generally employ 
(a) single speed fan drive 
(b) two speed fan drives 
(c) mulit-speed fan drives in steps 
(d) infinitely variable multi-speed fan drives 
(e) none of the above. 
280. Inthe absorption refrigeration cycle, the compressor 
of the vapour compression refrigeration cycle is 
replaced by 
(a) liquid pump 
(6) generator 
(c) absorber and generator 
(d) absorber, liquid pump and generator. 
2981. The C.O.P. of a Carnot refrigeration cycle decreases 
on 
(a) decreasing the 
temperatures 

(b) keeping the upper temperature constant and 
increasing the lower temperature 

(c) increasing the upper temperature and keeping 
the lower temperature constant 

(d) increasing the upper temperature and dec- 
reasing the lower temperature 

282. Desert coolers are suitable for hot and very dry out- 
side conditions because 
(a) water is recirculated in the spray 
(b) heat is neither added nor removed from the 

water 
(c) wet bulb depression (t —t’) is very large 
(d) large quantity of air can be conditioned. 

283. In an auditorium, the heat generated due to the 
occupants and the electric lights and other 
equipments is 100 kW. The rate of generation of 
excess moisture is 60 kg/hr. If an air-conditioner is 
supplying conditioned air to the auditorium at the 


rate of 500 m°/min, then th ibl 
(SHF) for the auditorium is —— n aa 


hich the 


dfference in operating 
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‘cbt | List II | 
40 R pene (Principal application) | 
(a) 0.27 (b) ae ( = 1. Direct contact freezin | 
(c) 0.73 (d) i 1] tube controls A. Air of food | 
284. In a domestic refrigerator, a capitHary z ential coups 
the flow of refrigerant from the B. Ammonia . Presso | 
(a) expansion valve to the evaporator ayajo | 
to the thermostat — 3. Large industrial 
Oa eran yo tae expansion vslv® focare Boats copa 
(d) condenser to the evaporator. . _ installation 
285. The coefficient of performance (COP) of a refrigera as a 
tor working as a heat pump is given by D. Refrigerant-II 4. Automotive air- 
(a) (COP) eat pump = (COP) refrigerator + 2 conditioners 
DCOP it (COP) efrigerator + 1 5. Aircraft refrigeration 
(c) (COP) cat sie (COP), ofrigerator B > À B C D 
(4) (COP anr = (COP); efrigerator Ceres: ) z ; i 
286. The equivalent diameter (D) of a circular duct corre- (a) i 
sponding to a rectangular duct having longer side ‘a (b) 5 3 1 
and shorter side ‘b’, for the same velocity and pres- (c) 9 4 3 5 
sure drop is given by (d) 5 3 2 Í 
(a)D=2 +b (5) D = 2 290. The minimum temperature to which water can he : 
ab a+b cooled in a cooling tower is 
(c) D = (a +b) WD = = ; (a) the dew point temperature of air 
ab a+ 


(b) the wet bulb temperature of air 

(c) the dry bulb temperature of air 

(d) the ambient air temperature. 

In a vapour compression refrigeration system, a 


287. Match List I (Basic components of Aqua-ammonia 


refrigeration system) with List II (Functions of the 
components in the system) and select the correct 
answer using the codes given below the lists: 

List I 


291. 





, throttle valve is used in place of an expander because 
Bessa N Mas (a) it considerably reduces the system weight | 
ea. no lci i r (b) it improves the COP, as the condenser is small | 

. y - temoval of vapour as (c) the positive work in isentropic expansion of | 
strong aqua-ammonia liquid is very small | 
| solution (d) it leads to significant cost reduction. | 
C. Rectifier 3. Producing dry 292. Match items in List I with those in List II and II © 
ammonia vapour by and select the correct answer. | 
removing traces of List I List II | 
water particles comp- A. Reversed Carnot 1. Condenser | 
letely engine | 
D. Receiver 4. Storage of high B. Subcooling 2. Evaporator 
pressure liquid C. Superheating 3. Vortex refrigerator 
ammonia D. Constant enthalpy 4. Throttling 
5. Formation of liquid 5. Heat pum 
ammonia from high List III i | 
c pressure vapours, 6. G 
iii n r = - Generator | 
(a) 3 i i i 7. Increase in | 
(b) 5 3 å i refrigerating effect. 
(c) 1 3 2 5 8. Highest COP. 
(d) 2 1 3 4 9. Adiabatic. 
288. Waste heat can be i ì i 10. Dr ton. 
the following AAR a aera cutee: A B cl Do 
(a) Vapour compression cycle (a) 3, 10 1,7 2,9 4.6 
(6) Vapour absorption cycle (b) 5,8 LT 2, 10 d 9 
(c) Air refrigeration cycle (c) 4,10 3,8 3 10 L 
(d) Vortex refrigeration System. (¢) 2,7 5, 8 4 6 L . 

289. Match List I with List 293. Consi ie Sel : 

arg print anid sel e othe correct answer der the following Statements: | 


In ammonia refrigerati 


on Syste ris | 
provided because ystems, oil separator” — 


Scanned by CamScanner 


1.C. ENGINES, REFRIGERATION AND AIR CONDITIONING 


294. 


295. 


296. 


297. 


298. 


1. Oil separation in evaporator would lead to 
reduction in heat transfer coefficient. 


2. Oil accumulation in the evaporator causes 
choking of evaporator. 

3. Oil is partially miscible in the refrigerant. 

4. Oil causes choking of expansion device. 

Of these statements 

(a) 1 and 2 are correct (b) 2 and 4 are correct 

(c) 2, 3 and 4 are correct (d) 1, 3 and 4 are correct. 

Consider the following statements: 


Moisture should be removed from refrigerants to 
avoid 


1. compressor seal failure. 

2. freezing at the expansion valve. 

3. restriction to refrigerant flow. 

4. corrosion of steel parts. 

Of these statements 

(a) 1, 2, 3 and 4 are correct 

(b) 1 and 2 are correct 

(c) 2, 3 and 4 are correct 

(d) 1, 3 and 4 are correct. 

Consider the following statements: 

1. Practically all common 
approximately the same 
requirement. 

2. Ammonia mixes freely with lubricating oil and 
this helps lubrication of compressors. 

3. Dielectric strength of refrigerants is an important 
property in hermetically sealed compressor units. 

4. Leakage of ammonia can be detected by halide 
torch method. 

Of these statements 

(a) 1, 2 and 4 are correct (b) 2 and 4 are correct 

(c) 1,3 and 4 are correct (d) 1 and 3 are correct. 

The most commonly used method for the design of 

duct size is the 

(a) velocity reduction method 

(b) equal friction method 

(c) static regain method 

(d) dual or double duct method. 

The refrigerant used for absorption refrigerators 

working on heat from solar collectors is a mixture of 

water and 

(a) carbon dioxide (b) sulphur dioxide 

(c) lithium bromide (d) freon 12. 

During the adiabatic cooling of moist air 

(a) DBT remains constant 

(b) specific humidity remains constant 

(c) relative humidity remains constant 


refrigerants have 
COP and power 


300. 


301. 


302. 


303. 


304. 





(c) constant relative humidity 

(d) constant enthalpy. 

Hydrogen is essential in an Electr 
system, because 

(a) it acts as a catalyst in the evaporator 

(b) the reaction between hydrogen and ammonia is 


endothermic in evaporator and exothermic in 
absorber 


olux refrigeration 


(c) the cooled hydrogen leaving the heat exchanger 
cools the refrigerant entering the evaporator 

(d) it helps in maintaining a low partial pressure 
for evaporating ammonia. 


Vapour absorption refrigeration system works using 
the 


(a) ability of a substance to get easily condensed or 
evaporated 


(b) ability of a vapour to get compressed or 
expanded 

(c) affinity of a substance for another substance 

(d) absorptivity of a substance. 

Which one of the following statements regarding 

ammonia absorption system is correct? The solubility 

of ammonia in water is 

(a) a function of the temperature and pressure of 
the solution 

(b)a function of the pressure of the solution 
irrespective of the temperature 

(c)a function of the temperature of the solution 
alone 

(d) independent of the temperature and pressure of 
the solution | 

Air cooling is used for freon compressors whereas 

water jacketing is adopted for cooling ammonia com- 

pressors. This is because 

(a) latent heat of ammonia is higher than that of 
freon 

(b) thermal conductivity of water is higher than 
that of air 

(c) specific heat of water is higher than that of air 

(d) of the larger superheat horn of ammonia 
compression cycle. 

Match List-I with List-II and select the correct 

answer using the codes given below the lists: 


List-I List-II 
A. Bells Colemn refri- 1. Compressor 
geration 


B. Vapour compression 2. Generator 
refrigeration 

C. Absorption refri- 
geration 


3. Flash chamber 


(d) WBT remains constant. D. Jet refrigeration 4, Expansion cylinder 
299. When a stream of moist air is passed over a cold and Codes: A B C D 

dry cooling coil such that no condensation takes (a) 1 4 3 9 

place, then the air stream will get cooled along the (b) 4 1 3 9 

line of (c) 1 4 9 3 

(a) constant wet bulb temperature (d) 4 1 9 A 


(b) constant dew point temperature 
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305. The maximum COP for the absorption cycle is given 


by (Tg = generator temperature, To = environment 
temperature, T, = refrigerated space temperature) 


TE ete (p) aoig 
PFs Ts) T= Te 

(c) Ic - Tr) (d) TolTe - Tr) 
T =T) Pi =7,) 


306. The desirable combination of properties for a 


refrigerant include 
(a) high specific heat and low specific volume 


(b) high heat transfer coefficient and low latent 
heat 


(c) high thermal conductivity and low freezing 
point 


(d) high specific heat and high boiling point. 


307. To fix the state point in respect of air-vapour mix- 


tures, three intrinsic properties are needed. Yet, the 
psychrometric chart requires only two because 

(a) water vapour is in the superheated state 

(6) the chart is for a given pressure 

(c) the chart is an approximation to true values 

(d) the mixtures can be treated as a perfect gas. 


308. During sensible cooling of air, 


(a) its wet bulb temperature increases and dew 
point remains constant 

(6) its wet bulb temperature decreases and the dew 
point remains constant. 

(c) its wet bulb temperature increases and the dew 
point decreases 


(d) its wet bulb temperature decreases and dew 
point increases. 


309. The expression eee i is used to determine 
t +y 


(a) relative humidity (b) specific humidity 
(c) degree of saturation (d) partial pressure. 


310. The effective temperature is a measure of the com- 


bined effects of 

(a) dry bulb temperature and relative humidity 
(b) dry bulb temperature and air motion 

(c) wet bulb temperature and air motion 


(d) dry bulb temperature, relative humidity and air 
motion. 


311. A good refrigerant should have 


(a) large latent heat of vaporisation and low 
operating pressures 

(b) small latent heat of vaporisation and high 

operation pressures 

= (c)large latent heat of vaporisation and large 

= operating pressures 
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312. Solar energy can be directly used in 
(a) vapour compression refrigeration system 
(b) vapour absorption refrigeration system 
(c) air refrigeration system 
(d) jet refrigeration system. 





313. The equation ọ = Æ is used to calculate the | 
Ps 
partial pressure of water vapour in moist air at a 
given temperature, p, = saturation pressure of Water © 
vapour at the same temperature) 
(a) relative humidity (b) degree of saturation 
(c) specific humidity (d) absolute humidity 
314. During adiabatic saturation process of air, wet bul} 
temperature | 
(a) increases and dry bulb temperature remain; — 
constant 
(b) remains constant and dry bulb temperature | 
increases | 
(c) remains constant and dry bulb temperature — 
decreases i 
(d) decreases and dry bulb temperature remains 
constant i 
315. In a chilled-water spray pond, the temperature of 
water is lower than dew point temperature of enter- _ 
ing air. The air passing through the spray under- | 
goes 
(a) cooling and humidification 
(6) cooling and dehumidification 
(c) sensible cooling 
(d) dehumidification. 
316. The sensible heat factor of a room is given by (S.H.L | 
= Sensible heat load and L.H.L. = Latent heat load) 





S.H.L.- L.H.L. S.H.L. 
(a) = (b) —— 
S.H.L. S.H.L. + L.H.L. 
S.H. L. + L. H.L. S.H.L 
(c) lasami amn a 
S.H. L. (¢) S.H.L. + L.H.L. | 


317. A human body feels comfortable when the heat pr 


duced due to metabolism of human body is equal t0 
the 


(a) heat dissipated to the surroundings 

(6) heat stored in human body 

(c) difference between heat dissipated to the 
Surroundings and heat stored in human body 


(d) sum of heat dissipated to the surroundings 2” 
heat stored in humand body. 


318. The performance of an evaporator condenser largely 
depends on 


(a) dry bulb temperature of air 

(b) wet bulb temperature of air 

(c) hot water temperature 

(d) air-conditioned room temperature. 





et eee 
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1. (b) 2. (e) 

9. (a) 10. (a) 11. (c) 
17. (a) 18. (a) 19. (e) 
25. (c) 26. (a) 27. (b) 
33. (d) 34. (d) 35. (b) 
41. (e) 42. (b) 43. (b) 
49. (c) 50. (b) 51. (c) 
57. (d) 58. (b) 59. (d) 
65. (b) 66. (b) 67. (e) 
73. (b) 74. (c) 75. (b) 
81. (b) 82. (d) 83. (a) 
89. (e) 90. (a) 91. (d) 
97. (b) 98. (d) 99. (c) 

105. (d) 106. (b) 107. (c) 
113. (a) 114. (c) 115. (c) 
121. (c) 122. (d) 123. (c) 
129. (b) 130. (a) 131. (d) 
137. (d) 138. (d) 139. (c) 
145. (a) 146. (b) 147. (d) 
153. (b) 154. (a) 155. (a) 
161. (a) 162. (a) 163. (a) 
169. (a) 170. (c) 171. (c) 
177. (c) 178. (d) 179. (e) 
185. (b) 186. (b) 187. (c) 
193. (d) 194. (a) 195. (c) 
201. (a) 202. (d) 203. (b) 
209. (c) 210. (b) 211. (a) 
217. (a) 218. (a) 219. (c) 
225. (b) 226. (a) 227. (d) 
233. (c) 234. (b) 235. (a) 
241. (a) 242. (c) 243. (c) 
249. (c) 250. (e) 251. (d) 
257. (d) 258. (b) 259. (b) 
265. (d) 266. (b) 267. (e) 
273. (e) 274. (c) 275. (c) 
281. (d) 282. (c) 283. (d)* 
289. (b) 290. (a) 291. (c)* 
297. (c) 298. (d) 299. (b) 
305. (a) 306. (a)* 307. (b)* 
313. (a) 314. (b) 315. (6)* 

. Nagrand i i — t = 0.8 

1 
-D 
COP = T-T 
Fi T,-T,=0.8T7,, or 0.2 T1 =T 
B or, T, = bT, 
__ Tn _1.025 
COP = BT, -T) 4 














3. (e) 


4. (d) 






5. (a) 6. (b) 7. (a) 8. (e) 
=s ve 13. (b) 14. (e) 15. (c) 16. (c) 
36 a 21. (d) 22. (a) 23. (a) 24. (a) 
ca 29. (a) 30. (d) 31. (d) 32. (e) 
- (a) 37. (a) 38. (e) 39. (d) 40. (b) 
44. (b) 45. (d) 46. (a) 47. (b) 48. (a) 
52. (d) 53. (c) 54. (b) 55. (d)* 56. (b) 
60. (b) 61. (d) 62. (b) 63. (a) 64. (c) 
68. (d) 69. (c) 70. (a) 71. (e) 72. (c) 
76. (a) 77. (c) 78. (d) 79. (a) 80. (a) 
84. (c) 85. (a) 86. (c) 87. (e) 88. (a) 
92. (a) 93. (c) 94. (a) 95. (a) 96. (d) 
100. (e) 101. (e) 102. (b) 103. (e) 104. (b) 
108. (a) 109. (e) 110. (a) 111. (b) 112. (c) 
116. (c) 117. (c) 118. (c) 119. (a) 120. (a) 
124. (c) 125. (d) 126. (a) 127. (e) 128. (e) 
132. (d) 133. (a) 134. (e) 135. (d) 136. (c) 
140. (e) 141. (a) 142. (b) 143. (d) 144. (a) 
148. (a) 149. (c) 150. (d) 151. (a) 152. (b) 
156. (d) 157. (c) 158. (a) 159. (b) 160. (d) 
164. (b) 165. (a) 166. (a) 167. (a) 168. (a) 
172. (c) 173. (e) 174. (d) 175. (d) 176. (b) 
180. (a) 181. (c) 182. (e) 183. (c) 184. (a) 
188. (a) 189. (b) 190. (a) 191. (e) 192. (b) 
196. (a) 197. (c) 198. (b) 199. (b) 200. (c) 
204. (d) 205. (c) 206. (d) 207. (a) 208. (d) 
212. (e) 213. (b) 214. (d) 215. (c) 216. (a) 
220. (a) 221. (a) 222. (e) 223. (c) 224. (d) 
228. (a) 229. (c) 230. (c) 231. (a) 232. (a) 
236. (a) 237. (a) 238. (a) 239. (b) 240. (e) 
244. (b) 245. (a) 246. (a) 247. (c) 248. (a) 
252. (b) 253. (d) 254. (a) 255. (c) 256. (c) 
260. (b) 261. (b) 262. (d) 263. (a) 264. (b) 
268. (c) 269. (c) 270. (a) 271. (b) 272. (d) 
276. (d) 277. (b) 278. (d) 279. (b) 280. (d) 
284. (d) 285. (b) 286. (d) 287. (d) 288. (b) 
292, (b)* 293. (b) 294. (a) 295. (d)* 296. (a) 
300. (d) 301. (c) 302. (a) 3038. (a) 304. (d) 
308. (b) 309. (b) 310. (d) 311. (a) 312. (b) 
316. (d) 317. (a) 318. (a) 
EXPLANATORY NOTES 


283. Sensible heat = 100 kW 
kg moisture 
kg of dry air 
condense water 
_ 60kg , density (0.85 m*/kg) 
— hr 500 x 60 m3/hr 
-= 4.25 kJ = 4.25 kW 
SH ___ 100 100 _po5 
SH+LH 100+4.25 104.25 


Latent heat = x heat removed in kJ to 


x 2500 


SHF = 
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291. 


292. 


295. 






frigeration system, ex- 
positive work in isen- 
f liquid is so small that it cant 


tropic expansion 0 | 
justify ei of expander. Thus a throttle valve is use 


in placed of expander. 
Revised Carnot engine is used for heat pump and 


it has highest COP. Thus for A, the correct E 
from List II and List III is 5, 8. Sub cooling mer 
condenser and it increases refrigeration A ne 
Therefore for B, the correct choice from List IJ an 
III is 1,7. a 
Superheating occurs in evaporator and it in involvee 
in dry compression. Thus for Part C in List I, the 
correct choice from Lists II and III is 2, 10. Constant 
enthalpy process takes place during throttling and 
is basically adiabatic process. Thus D is matched with 
4, 9. | 
Practically all refrigerants, except CO, have fairly 
same COP and power requirements. Thus statement 
(a) is correct. 


In a vapour compression re 
pander is not used because the 


PROBLEMS _ 


Provide single suitable word(s) for following 
statements: | 


1. 


10. 


The COP of reversed cycle refrigeration cycle is defined 
as the ratio of 


_ The COP of a Reversed Carnot cycle refrigerator with 


lower temperature T, and higher temperature T, will 
be 


. If T, is kept fixed in a refrigerator working on reversed 


Carnot cycle, then COP with increase in T, will 


. In reversed Carnot cycle working on perfect gas, the 


isentropic work of compression is 
work of expansion. 


isentropic 


. In reversed Carnot cycle working on vapour, work done 


during isothermal process is 


. If r is the volume compression ratio for isentropic 


compression, then the COP of Carnot refrigerator is 
equal to 


If the ratio of high temperature to low temperature for 
reversed Carnot refrigerator is 5/4, then COP will be 


. A reverse Carnot cycle has a COP of 4. The ratio of 


higher temperature to lower temperature will be 


l The COP of Carnot refrigerator used for comfort cooling 


is when compared to that used for making 
ice. 


For the same range of temperature operation, the 
difference in COP of heat pump and refrigerator is 


306. 


307. 


315. 


11. 


. Air refrigerator cycle works on 
. Air refrigeration system is preferred in 
. The dense air system in comparison to open air systé 


. Fluids 


Ammonia does not mix freely with lubricating ai | 
Therefore statement (b) 1s — — 
Dielectric strength of refrigerants 15S importan 
ig hermetically sealed compressor unit, 
monia 1S detected by its odour oF sul 
th which ammonia forms white smok, 


ike fumes. a" 
H thermal conductivity enables better hea, 


transfer in evaporator and condenser. Lower gp¢. 
cific volume implies smaller compressor can hę 
used and refrigerating effect per kg of refrigerant 
j ses. 

Perni chart is plotted for standard atmo. 
spheric pressure and as such only 2 coordinate, 
are used to fix the state point. For pressures other 
than standard atmospheric, some correction is re. 
quired. . 

In this case condensation of moisture takes place 
which results in fall in specific humidity ratio. Cool. 
ing and dehumidification take place. 


A refrigerator operating in same range will have 
COP when working substance is changed 

from R-12 to R-717. 

The COP of heat pump operating on reversed Carnot 

cycle is defined as the ratio of 


. A heat pump operating between higher temperature 


T, and lower temperature T, has COP of 


. 1 ton of refrigeration in terms of kJ/min is equal to 
. 1 ton of refrigeration in terms of kW is equal to 
. 1 ton of refrigeration in terms of kcal/min is equal to 


. Incase of wet vapour region, the work of isentropic com- 


pression is work of isentropic expansion. 


. Carnot refrigerator among all refrigerators operating 


between two fixed temperatures has 
cient of performance. 


coeff- 


cycle. 





based on Bell-Coleman system and for given range ° 
temperature has power/ton of refrigeratio®. 


. Ifr, is the pressure ratio in Bell-Coleman refrigeratio® 


cycle, then COP is 


heat while ches ing from a liquid 
phase to vapour phase. een 


. A container in which the liquid is vaporised and heat” 


absorbed. 


. The temperature at which the liquid vaporises is tied 


up with the 


d 
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1. refrigeration effect and work done 


. equal to 


. 1.25 


. 3.52 


. Bell-Coleman 


. absorb 


5. zero 


9. higher 


2, heat rejected and work done 


16. 50.4 


20. air crafts 


24. evaporator 





- unity 


Ty 
Ap- 2 





7. more than 


. lower 


. pressure 





3. increase 


7.4 


11. same 


14. 211 

18. highest 
1 
I 


vars 


22. 
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. . 2U sin œ cosð U 
Flow of Jet of Wer For a water jet moving on 4 Efficiency n = = (cos o + in 8, 7 
xed curved plate [Fig. 4.1 (a)l, 
where, V = jet velocity, 

U = blade velocity, 

a = jet angle, 

0, = vane inlet angle, 

0, = vane outlet angle. 

Centrifugal pump consists of an impeller arranged 
to rotate within a casing so that the liquid will enter at the 
centre and be thrown out by centrifugal force to the outer 
periphery of the impeller and discharged into the outer volute 
casing. The pressure head developed by the pump is entirely 
the result of kinetic energy in the form of velocities imparted 
to the water by the impeller. Unlike reciprocating pump, in 
Fig. 4.1 (a) centrifugal pump the discharge valve can be closed and 
impeller whirled freely. The head against which a centrifugal 
F, = pAV? (cos 8, + cos 8), pump works is called manometric head. 
dg k ane) In diffuser type pump, stationary guide vanes 

U surround the impeller and convert velocity head into pressure 
af | head. 
V4 | . In turbine pump, liquid is picked up by vanes of the 

: impeller and whirled at high velocity for nearly a complete 


: | revolution. 
‘| n Mixed-flow pumps develop their head partly by 
T centrifugal force and partly by the lift of vanes on the liquid 





being pumped. 


Propeller pumps develop most of their head by the 
propelling or lifting action of the vanes on the liquid. 


Fig. 4.2 shows a complete performance curve for a 
centrifugal pump. 








Head 
Fig. 4.1 (b) 
For a jet moving on a moving curved vane, 
F, =mV (co pig EO 008 Og wich aed 
sin 6, V D 
Fo =mV| 1-22 | ,. 
y sin 6, — / ap 
U . > 

P= mv? 5 [cosa + Snes U | ` 

sin oy V i 

ET Fig. 4.2 
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For pumps, at constant speed 
Q = D? 
H œ D? 
HP « D5 
(D = impeller diameter, Q = discharge, H = head) 
For same impeller diameter, 
Q = N 
H œ N? 
HP « N’ 
For pump selection, it is often convenient to show 
graphically the relation between flow and friction head in 
piping system. The pump will operate where the system head 
curve and pump characteristic (Q — H) curve intersect. It 
can be made to operate at any other point on pump 
characteristic by introducing more or less resistance in piping 
system by valve. 
For pumps in parallel, the composite performance 
curve is obtained by adding the capacities at the same 
head. 


For pumps in series, the composite performance curve 
is obtained by adding the heads at the same capacity. 


and 


EH m 


Manometric efficiency = 
Vids x Uo 


(H „= manometric 


head, V,,, and uw, are velocities of whirl and wheel speed at 
outlet). 


Mechanical efficiency = ipa eae 
g 75 
( SHP = shaft horse power) 
and overall efficiency = Nman X mech. 
Specific speed (N,) of centrifugal pumps is an 
indication of type of centrifugal pump. 


NJQ 
N,= H?’ 

It is approximately related to impeller shape and 
efficiency. 

Cavitation occurs when pressure falls below the 
vapour pressure of liquid. To prevent vaporisation at the 
impeller of pump, it is necessary to keep the pressure at 
this point above the vapour pressure of the liquid at all 
times, and the energy available at the pump suction flange 
to do this and to overcome the pump suction losses is called 
NPSH — net positive suction head over the vapour 
pressure. 

A jet of water exerts force = pAV? on a stationary 
vertical plate in the direction of jet, and force = pAV? sin? 0 
on inclined plate, and p AV?(1 + cos 6) on a curved plate. 

To determine the force exerted by the jet of water 
having velocity V on a plate moving with a velocity u, V is 
Substituted by V — u in the above equation. 

Efficiency of a series of vanes is given as 

2u(V — u) 
1 aes y? 
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and maximum efficiency is 50% corresponding to u = Y 
* 


For a series of curved radial van 
. es, the work d 
unit weight per second pd 


1 
= P [Vin Ui x = Yui Uo] 
where, Vi,» Vo, = velocity of whirl at inlet and outlet 


Hydraulic efficiency (n ,) of turbine is defined as 


_ Power given by water to the runner _— H.P. 








| m Power supplied at inlet ~ W.HLP. 
_ WIV, u + “ata (€ XH) Vy t+ Vo, 
75g 75) gH 
Mechanical efficiency (n,,) is defined as 
_ S.H.P. 
n= EP. 
S.H.P. 
a "= WHP. T 


Impulse turbine is one in which all the available 
energy of the flow is converted by a nozzle into kinetic energy 
at atmospheric pressure before the fluid contacts the moving 
blades. Pelton wheel is a tangential flow impulse turbine. 
Jet ratio of Pelton wheel is the ratio of diameter of Pelton 
wheel and the diameter of jet. 

In the reaction turbine a portion of energy of the 
fluid is converted into kinetic energy by the fluid’s passing 
through adjustable gates before entering the runner, and the 
remainder conversion takes place through the runner. 

Two forms of reaction turbines are Francis and 
Propeller. In both, all passages flow full, and energy is 
converted to useful work entirely by changing the moment 
of the liquid. The Francis turbine is an inward flow reaction 
turbine and Kaplan is an axial flow reaction turbine. 


Flow through various turbines is as given below: 


= n d2 x /2gH 


= n DB: Vf 


For Pelton turbine 
For Francis turbine 


T 


=7 [D2 - DÊ] x Vy, For Kaplan turbine 


where, H = Net head, 
Vy = Velocity of flow at inlet, D, and B, are diameter 
and width of Francis turbine wheel, 
Dy = Dia. of Kaplan turbine, 
D, = Hub diameter 
Draft-tube is a pipe of gradually increasing area used 
for discharging water from exit of a reaction turbine. 
Specific speed of a turbine is defined as the 
at which a turbine runs when it is working under a uni 
and develops unit horse power. It is given by 


NJP 


N, = H 


speed 
t head 
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where, P = shaft horse power, 

H = Net head on turbine. 

Unit speed (N,,) is the speed of a turbine, when the 
head on the turbine is one metre. It is given by 

N 
N,= TH 

Unit Discharge (Q,) is the discharge through a 
turbine when the head (H) on the turbine is unity. It is given 
by 


Q 
Q, = JH 
Centrifugal fans Fig. 4.3 (a) shows the arrangement 
of radial venes type centrifugal fan. Blade outlet angle f, is 
90° and outlet velocity triangle is right angled triangle. Whirl 
outlet velocity V is equal to relative velocity at outlet. 
Number of vanes is 6-8 and it can develop maximum static 


pressure of 40—40 cm of H,O column. n is of the order of 
60-70%. 








V2 - Vw 
Velocity triangle 
(a) 

Fig. 4.3 (a) 


Fig. 4.3 (b) shows backward-curved vanes type fan 
usually used in air conditioning application. It has 8-12 vanes 
and develop static pressure of around 12-15 cm wel. Its n is 
75-90%. 


1. The force exerted by the jet on fixed plate in Fig. 
below given below is equal to 


Velocity Jet of 
V 





7 
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Fig. 4.3 (b) 


Fig. 4.3 (c) is for forward-curved vanes type fan used 
for ventilation duty. It develops least static pressure (7-10 
cm wel) and has n of the order of 55-60%. No. of vanes could 
be 16-20. 





Fig. 4.3 (c) 


Unit Power (P,) 


is the power developed by a turbine 
when the head on the tu : nis 


rbine is unity. It is given by 

















2 2 
(a) sin 6 (b) PAV sin 8 
g 
(c) E cos 6 (d) AV? tan @ 
(e) cos 0. 
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9. Ifa jet of water of area ‘A’ strikes with velocity y 
series of flat plates mounted on a wheel of red 4 a 
meter D rotating at N rpm, then force exerted il 
be equal to wi 











2 
ai qj PAY [v _ DN 
& g 60 
A DN 
pi y a: (d) pA [v _ DN ) 
60 

A DN 

w (se 
(e) l 60 


, Ajet of water enters and leaves a fixed curved vane 
(of inlet and outlet angles o and ß) tangentially. The 
force of the jet along normal to the vane is 














y2 2 
(a) = (cos & + cos B) (b) weld (cos a — cos f) 
Ve, i 
(c) = (sin & + sin B) (d) pak (sin & — sin ß) 
2 
(e) par (tan a — tan ß). 





. A jet of water enters and leaves a moving curved 
vane, the velocities of whirl at inlet and outlet being 
V „ı and V,,o- The force of the jet in the direction of 
motion of vane is 


pAV 
& 





AV 
V-V) ©) 3 (V 1 + Vo) 


(a) 


pAV? 
& 


2 
(e) V-V) (d) PÊ Vat Vu) 


(© E Via- View 


. The specific speed of a pump is defined as the speed 


of a unit 
(a) of such a size that it delivers unit discharge at 


unit head 

(b) of such a size that it delivers unit discharge at 
unit power 

(c) of such a size that it requires 
head 

(d) of such a size that it produce 
with unit head 

(e) none of the above. 


. Reciprocating pumps ar | 
dustrial applications (in comparıso 


pumps) because of 

(a) high initial and maintenance cost 
(b) lower discharge 

(c) lower speed of operation 

(d) necessity of air vessel 

(e) all of the above. 


. In a centrifugal pump casing, 
ing the impeller, is 


unit power per unit 


s unit horse power 


e no more to be seen in in- 
n to centrifugal 


the flow of water leav- 


10. 


11. 


12. 


13. 


14. 


15. 








(a) rectilinear flow 
(c) free vortex motion 
(e) none of the above. 


(b) radial flow 
(d) forced vortex 


- Head developed by a centrifugal pump depends on 


(a) impeller diameter (b) speed 
(c) fluid density (d) type of casing 
(e) (a) and (b) above. 
- For starting an axial flow pump, its delivery valve 
should be 
(a) closed (b) open 


(c) depends on starting condition and flow desired 
(d) could be either open or closed 
(e) partly open and partly closed. 


If D is the diameter of impeller at inlet, w is the width 
of impeller at inlet and V; is the velocity of flow at 
inlet, then discharge through a centrifugal pump is 
equal to 


(a) nDV, (b) DV,;w 
(c) nDV,w (d) nDw 
(e) 1D? wp. 


The efficiency of a centrifugal pump is maximum 
when its blades are 
(a) straight (b) bent forward 
(c) bent backward 

(d) bent forward first and then backward 


(e) bent backward first and then forward. 


In acentrifugal pump casing, the flow of water leav- 
ing the 

(a) radial (b) radial 

(c) centrifugal (d) rectilinear 

(e) vortex. 


A centrifugal pump has following specification 
Speed —1000 r.p.m. 
Flow — 1200 |.p.m. 


Head — 20 m. 

Power — 5 H.P. 

If speed is increased to 1500 r.p.m., new flow will be 
(a) 1800 |.p.m (b) 2700 l.p.m. 

(c) 1200 l.p.m (d) 4500 1.p.m. 


(e) none of the above. 


In above example, new h.p. will be 


(a) 5 H.P. (b) 7.5 H.P. 
(c) 11.25 H.P. (d) 16.9 H.P. 
' (e) 22.5 H.P. 


Centrifugal pump is started with its delivery valve 


(a) kept fully closed (b) kept fully ppen 
(c) irrespective of any position 
(d) kept 50% open (a BONES 


n 
PAD 
É 










-i 
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The percentage slip for a reciprocating pump jg h ! 


: . 4. 
16. Axial flow pump is started with its delivery nag ° fined as the percentage of 
(a) kept fully closed (b) kept fully open (a) actual discharge/theoretical raed 
(c) irrespective of any position ctual spe ed/theoretical spee 
(d) kept 50% open (e) none of the above. $ ae volume/cylinder volume 
17. When a piping system is made up primari y = theoretical discharge — actual discharge 
= = an very ia pipe friction, the pump (d) Theoretical discharge 
eristics shou . 
(a) horizontal (b) nearly horizontal i actual discharge — theoretical discharge 
; tual discharge 
(c) steep (d) first rise and then fall ac E 
(e) none of the above. 25. If a pump is handling water and is discharging , 


certain flow Q at a constant total dynamic head re 


18. One horsepower is equal to quiring a definite B.H.P., the same pump when hap. 


aia Le See dling a liquid of specific gravity 0.75 and viscosity 
(c) 550 watts (d) 735 watts nearly same as of water would discharge 
(e) 33000 watts. (a) same quantity of liquid 
19. Multistage centrifugal pumps are used to obtain (b) 0.75 Q (c) Q/0.75 
(a) high discharge (b) high head (d)1.5Q (e) none of the above. 
(c) pumping of viscous fluids 26. The Horse power required in above case will be 
(d) high head and high discharge (a) same (b) 0.75 B.H.P. 
E (c) B.H.P./0.75 (d) 1.5 B.H.P. 


20. If H is manometric height in metres, Q the discharge 


f the above. 
in m/sec and n the overall efficiency of pump and p eae ise 


the density of fluid then power to drive centrifugal 27. Low specific speed of a pump implies it is 
pump is equal to (a) centrifugal pump (6) mixed flow pump 
(a) oQH b) PQH (c) axial flow pump (d) any one of the above 
75N 75 (e) none of the above. 
(c) QHN (d) QH 28. Pick up the wrong statement about overall efficiency 
75 75N of a centrifugal pump. It is proportional to 
(e) 75pQH (a) discharge (6) head 
n (c) B.H.P. t 
21. When a piping system is made up primarily of fric- B.P.H 
tion head and very little of vertical lift, then pump (e) discharge and head. 
char APDM should be 29. Fig. below shows the curves between Head (H) and 
(a) horizontal (b) nearly horizontal Flow (Q) for centrifugal pump impeller with differ- 
(c) steep (d) first rise and then fall ent impeller vane exit angles 
(e) none of the above. 
22. Ina single casing, multi-stage pump running at con- H oun? 
stant speed, the capacity rating is to be slightly low- i B 
ered. It can be done by 


(a) designing new impeller A 
(b) trimming the impeller size to the required size 
by machining 
(c) not possible F . = 
(d) some other alterations in the impeller ny cares “ee ii Sue curve holds 
urve B 
(e) none of he above. (c) Curve C (d) all of the above 
23. Power required to drive a centrifugal pump is pro- (e) none of the above 
rtional t 
po nia Oo 30. For forward inclined vanes i.e., vanes having exit 
(a) speed (N) (b) N? angle greater than 90°, following curve holds good 
(c) N3 (d) N4 (refer Fig. above) 
r (a) Curve A (b) Curve B 
(0 T: (c) Curve C (d) all of the above 


(e) none of the above. 


A 
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31. 


32. 


33. 


34. 


Delivery head of a centrifugal pump is proportional 


to 
(a) speed (N) (b) N? 
1 
(e) N° (d) WNZ 
1 
(e) we 


Discharge of a centrifugal pump is proportional to 
(a) impeller diameter (D) (b) D2 


1 
(c) D? (d) D? 
1 
(e) D? è 


Power required to drive a centrifugal pump is pro- 
portional to 

(a) impeller diameter (D) 

(b) D? (c) D3 

(d) D4 (e) Dê. 

For backward inclined vanes, i.e., vane exit angle 
less than 90°, following curve holds good Fig. below 


G 
H 
À B 
A 
—>Q 
(a) Curve A (b) Curve B 
(c) Curve C (d) all of the above 


(e) none of the above. 


35. The optimum value of vane exit angle for a centrifu- 
gal pump impeller is 
(a) 10 —- 15° (b) 20 — 25° 
(e) 30 — 40° (d) 50 — 60° 
(e) 80 — 90°. 
36. In a centrifugal pump, the liquid enters the pump 


37. 


38. 


39, 


(a) at the top 

(c) at the centre 

(e) none of the above. 
For small discharge at high pressure, following pump 
is preferred 

(a) centrifugal 
(c) mixed flow 

(e) reciprocating. 
In centrifugal pumps, maximum efficiency is ob- 
tained when the blades are 

(a) straight (b) bent forward 

(c) bent backward (d) radial 

(e) given aerofoil section. 

Motion of a liquid in a volute casing of a centrifugal 
Pump is an example of 

(a) rotational flow (b) radial 

(c) forced spiral vortex flow 

(d) forced cylindrical vortex flow 

(e) spiral vortex flow. 


(b) at the bottom 
(d) from sides 


(b) axial flow 
(d) propeller 


40. 


41. 


42. 


43. 


44, 


45. 


46. 


47. 


48. 
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Pood neh discharge a low pressure such as fr 
gation applications, following 
type of pump is preferred 
(a) centrifugal (b) axial flow 
(c) reciprocating (d) mixed flow 

(e) none of the above. 

Medium specific speed of a pump implies it is 
(a) centrifugal pump (b) mixed flow pump 
(c) axial flow pump (d) any one of the above 
(e) none of the above. 

High specific speed of a pump implies it is 

(a) centrifugal pump (6) mixed flow pump 
(c) axial flow pump (d) any one of the above 
(e) none of the above. 

Indicator diagram of a reciprocating pump is a graph 
between 

(a) flow vs swept volume 

(6) pressure in cylinder vs swept volume 

(c) flow vs speed (d) pressure vs speed 
(e) swept volume vs speed. 

Low specific speed of turbine implies it is 

(a) propeller turbine (6) Francis turbine 
(c) impulse turbine (d) any one of the above 
(e) none of the above. 


Any change in load is adjusted by adjusting follow- 
ing parameter on turbine 


(a) net head 
(c) blade velocity 


(b) absolute velocity 
(d) flow 

(e) relative velocity of flow at inlet. 

Runaway speed of a hydraulic turbine is 

(a) full load speed 


(6) the speed at which turbine runner will be 
damaged 


(c) the speed if the turbine runner is allowed to 
revolve freely without load and with the wicket 
gates wide open 


(d) the speed corresponding to maximum overload 
permissible 


(e) none of the above. 


The maximum number of jets generally employed in 
impulse turbine without jet interference is 


(a) 4 ( b) 6 

(c) 8 (d) 12 

(e) 16. 

Medium specific speed of turbine implies it is 

(a) propeller turbine (b) Francis turbine 

(c) impulse turbine (d) any one of the above 


(e) none of the above. © 
3 . 
-a 
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49. High specific speed of turbine implies it is 


(a) propeller turbine (b) Francis turbine 


(c) impulse turbine (d) any one of the above 


(e) none of the above. 


50. The specific speed of turbine is defined as the speed 
of a unit 


(a) of such a size that it delivers unit discharge at 
unit head 


(b) of such a size that it delivers unit discharge at 
unit power 
(c) of such a size that it requires unit power per unit 
head 
(d) of such a size that it produces unit horse power 
with unit head 
(e) none of the above. 
Puck up the wrong statement about centrifugal pump 
(a) discharge a diameter 
(b) head a speed? 
(c) head a diameter? 
(d) Power a speed? 
(e) none of the above is wrong. 
52. Specific speed of pump is indicated as 


ol. 














(a) NQ (b) NVP 
H?’ H54 
(c) NJQ (d) NJP 
H23 H?!2 
(e) NVQ ; 
H5’4 
53. For identical pump operation, following ratio is con- 
stant 
(a) discharge/rpm 
(b) discharge/head 
(c) discharge/impeller diameter 
(d) head/rpm 


(e) impeller diameter/rpm. 


- Fig. below shows the relationship between power (P) 
and discharge (Q) for different vane exit angles of 
centrifugal pump. Curve A holds good for 
(a) vane exit angle of 90° 
(b) vane exit angle of less than 90° 
(c) vane exit angle of more than 90° 
(d) any vane exit angle 
(e) none of the above. 
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55, Curve B holds good for (refer Fig. above) 
(a) vane exit angle of 90° 
(b) vane exit angle of less than 90° 
(c) vane exit angle of more than 90° 
(d) any vane exit angle 
(e) none of the above. 
56. Curve C holds goods for (refer. Fig. above) 
(a) vane exit angle of 90° 
(b) vane exit angle of less than 90° 
(c) vane exit angle of more than 90° 
(d) any vane exit angle 
(e) none of the above. 
57. A turbine pump is basically a centrifugal pum) 
equipped additionally with 
(a) adjustable blades 
(b) backward curved blades 
(c) vaned diftusion casing 
(d) inlet guide blades 
(e) totally submerged operation facility. 
58. The action of a centrifugal pump is as that ofa 
(a) reaction turbine (b) impulse turbine 
(c) reversed reaction turbine 
(d) hydraulic ram (e) none of the above. 
59. In mixed flow centrifugal pump 
(a) two fluids are mixed up at suction 


(b) two fluids are pumped separately and then both 
mix up at delivery 

(c) two impellers, radial and axial type are emp | 
loyed 

(d) flow through the impeller is a combination of 
radial and axial flows 


(e) such pumps do not exist. 

Ifh and v stand for head and velocity and suffixes §, 
d and f for suction, delivery and friction, the mane 
metric head of a centrifugal pump is equal to 

(a) h +h, (b) h,t+h,+h, 


60. 


2 2 
(c) h +h,+h,+ 2 Yd 
ev tgt fae i a a aa 


2 2 
(e)h,+hy+h,+ 2 4 Ud, 
2g 2g 
61. To avoid cavitation in centrifugal pumps | 
(a) suction pressure should be low 
(b) delivery pressure should be low 
(c) suction pressure should be high 
(d) delivery pressure should be high 


(e) both suction and delivery pressures should b | 
high. 

62. The work requirement of a reciprocating pump with 

increase in acceleration head 

(a) increases 


(6) decreases 
(c) remains same 


(d) may increase/decrease depending upon the head 
developed 
(e) unpredictable. 


y 
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63. A double acting reciprocating pump compared to 


single acting pump will have nearly 
(a) double efficiency (b) double head 
(c) double flow (d) double weight 
(e) four times power consumption. 
g4. For pumping viscous oil, which pump will be used 
(a) centrifugal pump (6) reciprocating pump 
(c) turbine pump (d) screw pump 
(e) fuel pump as used in diesel engine. 
65. When a centrifugal pump is started, there will be no 


flow of water until the pressure rise in the impeller 
is large enough to overcome the 


(a) static head (b) total head 
(c) manometric head (d) friction head 
(e) all of the above. 
66. Overall efficiency of a centrifugal pump is equal to 
(a) volumetric ņ x manometric ņ x mechanical n 
(b) volumetric n/manometric ņ x mechanical n 
(c) manometric n/volumetric N x mechanical n 
(d) mechanical n/manometric n x volumetric n 
(e) mechanical n/volumetric n x manometric n. 
67. Casting of a centrifugal pump is designed so as to 
minimise 
(a) friction loss 
(b) cavitation 
(c) static head 
(d) loss of kinetic energy 
(e) starting time. 


actual measured head for a centrifugal 


(head imparted to 
fluid by impeller) 


68. The ratio of 


pump is known as 
(a) mechanical n 
(c) manometric N 
(e) impeller n. 


69. IfP isthe power developed by a turbine under a head 
of water H, then unit power developed by the tur- 


(b) volumetric n 
(d) overall n 


bine is 
P 

(a) = (b) JH 

(c) -a (d) a 

(e) ni 

70. The unit speed of the turbine runner is 

N 

(a) > (b) JE 

(c) A (d) a 

(e) air 





71. The unit discharge through a turbine is 


Q Q 
(a) — (6) -= 
H VH 
Q 
(c) FEE (d) s 
Q 
(e) H5’? 


72. The speed of a turbine and discharge through tur- 
bine are proportional to 


(a) head H (b) JH 
(c) H? (d) H?? 
(e) H5’. 


73. Specific speed of a turbine depends upon 
(a) speed, power and discharge 
(b) discharge and power (c) speed and head 
(d) speed, discharge and head 
(e) speed, power and head. 


74. The specific speed of a turbine is the speed of such a 
turbine, identical with a given turbine, which 


(a) develops unit power under unit head 

(b) develops unit power under unit discharge 
(c) develops unit power under unit head 

(d) develops unit speed under unit head 

(e) delivers unit discharge under unit head. 


75. Specific speed of turbine is indicated as 


NJ NJP 


(a) H? (b) H?” 
NJQ NVP 
(c) ys (d) HZ 
e) NYE 
H? i 


76. An impulse turbine 
(a) operates submerged (b) requires draft tube 
(c) is most suited for low head applications 


(d) operates by initial complete conversion to 
kinetic energy 


(e) is not exposed to atmosphere. 
77. A Pelton wheel is 

(a) axial flow impulse turbine 

(b) radial flow impulse turbine 

(c) inward flow impulse turbine 

(d) outward flow impulse turbine 

(e) mixed flow impulse turbine. 


78. Pelton wheels are used for minimum of foll 
heads 


(a) 20 m 
(c) 125 m 
(e) none of the above. 


owing 


(b) 100 m 
(d) 180 m or above 
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tion turbine, draft tube is used 
l i heel to the 88. In reac 3 
79. The ratio p va p n Pelton w (a) to transport water downstream without eddie 
| (b) 3 (b) to convert the kinetic energy to flow energy h 
F (d)5 gradual expansion of the flow cross-section 
A , (c) for safety of turbine 
e) 6. 


80. The ratio of depth of bucket for a Pelton wheel to the 
diameter of jet is of the order of 


(d) to increase flow rate 
(e) none of the above. 


(a) 1 (b) 1.2 89. Guide angle as per the aerofoil theory of Kaplan tur. 
(c) 1.5 (d) 1.8 bine blade design is defined as the angle betwee, 
(e) 2. 


(a) lift and resultant force 
81. If D is the diameter of Pelton wheel and d is the 


diameter of the jet, then number of buckets on the 
periphery of a Pelton wheel is equal to 


(b) drag and resultant force 
(c) lift and tangential force 


D D (d) lift and drag 
j 2d = 2d = (e) resultant force and tangential force. 
(c) Esd +15 (d) EA +20 90. Francis turbine is best suited for 

2d 2d (a) medium head application from 24 to 180 m 
(e) ESA + 25. 

2d 


(b) low head installation upto 30 m 

(c) high head installation above 180 m 
(d) all types of heads 

(e) none of the above. 


Fig. below shows the part load performance curves 
of various turbines. Curve A is for 


82. The maximum efficiency of a Pelton wheel working 
under a constant head and discharge with the 
increase in power 
(a) increases (b) decreases 91 
(c) remains unaffected ` 
(d) initially increases and then decreases 
(e) initially decreases and then increases. 
83. Impulse turbine is used for 
(a) low head (b) high head 
(c) medium head (d) high flow 
(e) high flow and high head. 
84. For maximum efficiency, the speed of a pelton wheel 
as compared to the speed of the water jet is 
(a) same (b) half 


(c) thrice (d) four times 
(e) one fourth. 





% of full load 


85. If a is the angle of blade tip at outlet, then maxi- 


mum hydraulic efficiency of an impulse turbine is Part load performance curve. 


Tresa = (a) Kaplan (6) Pelton wheel 
(a) ————_ (6) ——_—_— ( . 
3 9 c) Francis low specific speed 
l—sing l+sina (d) Francis high specific speed 
(e) ——_—— (d) ——_——. 
J 9 (e) Fixed propeller. 
l-tan a 92. Curve B is for (Refer Fig. above) 
(e) —— 
Z (a) Kaplan (6) Pelton wheel 
86. In reaction turbine 


(c) Francis low specific speed 

(d) Francis high Specific speed 

(e) Fixed propeller. 

Curve C is for (Refer Fig. above) 

(a) Kaplan (6) Pelton wheel 
(c) Francis low specific speed 
(d) Francis high Specific speed 

(e) Fixed propeller. 

Curve D is for (Refer Fig. above) 

(a) Kaplan (6) Pelton wheel 
(c) Francis low specific speed 
(d) Francis high specific speed 

(e) Fixed propeller. 


(a) kinetic energy is appreciable as the fluid leaves 
the runner and enters draft tube 

(b) the vanes are partly filled 

(c) total energy of fluid is converted to kinetic 
energy in the runner 

(d) it is exposed to atmosphere 

(e) it is not exposed to atmosphere. 

87. If ais the angle subtended by two adjacent buckets 
in a pelton wheel, then the no. of buckets is equal to 
(a) 40/0 (b) 180/0 
(c) 270/a (d) 360/a 
(e) any value between 180/a and 360/a. 


93. 


94. 
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95, Curve E is for (Refer Fig. above) 


97. 


98. 


99. 


100. 


101, 


102 


103, 


Propeller turbine is best suited for 


(a) Kaplan (b) Pelton wheel 
(c) Francis low specific speed 


(d) Francis high specific speed 
(e) Fixed propeller. 


(a) medium head application from 20 to 180 m 
(b) low head installation upto 30 m 
(c) high head installation above 180 m 
(d) all types of heads 
(e) none of the above. 
Speed ratio of a Pelton turbine is defined as 
actual speed 
(a) theoretical speed 
n x runner dia. x R.P.M. 


©) 60 x J2 x g x head on turbine 
P 60 x J2 x g x head on turbine 
C aaeeea 


n x runner dia. x R. P.M. 
speed of runner 
velocity of flow in penstock 
actual speed 
synchronous speed 


Specific speed for impulse wheels ranges from 
(a) 0 to 4.5 (b) 10 to 100 


(c) 80 to 200 (d) 250 to 300 
(e) none of the above. 


(e) 


The ratio of power produced by the turbine to the 


energy actually supplied by the turbine is called 
(a) mechanical efficiency 


(b) hydraulic efficiency 


(c) overall efficiency 
(d) turbine efficiency 


(e) relative efficiency. 
The ratio of actual work available at the turbine to 
energy imparted to the wheel is called 
(a) mechanical efficiency 
(b) hydraulic efficiency 


(c) overall efficiency 
(d) turbine efficiency 


(e) relative efficiency. 
The ratio of the work done on the wheel to the 


energy (or head of water) actually supplied to the 
turbine is called 


(a) mechanical efficiency 

(b) hydraulic efficiency (c) overall efficiency 

(d) turbine efficiency (e) relative efficiency. 

The flow rate in gear pump 
a) increases with increase in pressure 
decreases with increase in pressure 
c 


more or less remains constant with increase in 
pressure 


d) unpredictable 


Mpulse turbine is generally fitted 
(a) at the 


"sia level of tail race 
l ) little above the tail race 
c) Slightly below the tail race 


avout 2.5 m above the tail race to avoid cavitation 
e) about 2.5 m below the tail race to avoid cavitation. 


(e) none of the above. 





104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 





Francis, Kaplan and propeller turbines fall under 
the category of 
(a) impulse turbines (b) reaction turbines 


(c) axial flow turbines (d) mixed flow turbines 
(e) reaction-cum-impulse turbines. 


Reaction turbines are used for 

(a) low head (b) high head 

(c) high head and low discharge 

(d) high head and high discharge 

(e) low head and high discharge. 

The discharge through a reaction turbine with in- 
crease in unit speed 
(a) increases 

(c) remains unaffected 
(d) first increases and then decreases 

(e) first decreases and then increases. 

The angle of taper on draft tube is 

(a) greater than 15° (b) greater than 8° 
(c) greater than 5° (d) less than 8° 

(e) less than 3°. 


(b) decreases 


Specific speed for reaction turbines ranges from 
(a) 0 to 4.5 (b) 10 to 100 

(c) 80 to 200 (d) 250 to 300 

(e) none of the above. 


In axial flow fans and turbines, fluid enters and 
leaves as follows 


(a) radially, axially (b) axially, radially 


(c) axially, axially (d) radially, radially 
(e) combination of axial and radial. 


Which place in hydraulic turbine is most susceptible 
for cavitation ? 

(a) inlet of draft tube 

(b) blade inlet (c) guide blade 

(d) penstock (e) draft tube exit. 


The suction lift of low-speed reciprocating pumps 

(a) remains fairly constant upto water temperature 
of 40°C and thereafter decreases slowly first and 
then rapidly 


(b) decreases linearly with increase in temperature 
of water to be pumped 


(c) increases linearly with increase in temperature 
of water to be pumped 


(d) has no correlation with water temperature 

(e)remains constant with increase in water 
temperature. 

It is possible to pump water available at around 

100°C under atmosphere conditions using centrifu- 

gal pump placed near the tank 

(a) No (b) Yes 

(c) Yes, only if pump is properly selected 

(d) Yes, only if material of pump is selected properly 

(e) none of the above. 

The ratio of submergence to lift in air lift pump with 

increase of lift 

(a) increases 

(c) remains same 

(e) none of the above. 


(b) decreases 
(d) unpredictable 
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. : tionality for ho 
o gas s 124. According to the laws of proporuon Molo. 
114. The reaction type hydraulic turbines usually have gous turbines, discharge is proportional to 


their shafts arranged 


2 
(a) vertically (b) horizontally (a) DJH | (b) A VH 
(c) inclined (c) DH” (d) D*H 
(d) may be either vertical or horizontal depending (e) DH”. 


125. Francis turbine is | 
(a) radial flow turbine (b) axial flow turbine 
(c) mixed flow turbine 
(d) inward flow radial type turbine 


| 
upon capacity 
(e) outward flow radial type turbine. 


(e) none of the above. 
115. Specific speed for axial flow turbines varies from 
(a) 0 to 4.5 (b) 10 to 100 
(c) 80 to 200 (d) 250 to 350 
(e) none of the above. 
116. Specific speed of hydraulic turbine is dependent upon 
(a) speed, power developed and flow 
(b) speed, power developed and effective head 
(c) speed, head and flow 
(d) speed, mean diameter and head 
(e) speed, mean diameter and flow. 
117. Kaplan turbine 
(a) is used where high head is available 
(b) has poor part-load efficiency 
(c) has inlet adjustable guide vanes 
(d) has adjustable runner blades 
(e) is always located below the tail race level. 


118. In Kaplan turbine runner, the number of blades is 
generally of the order 


126. If pump NPSH requirements are not satisfied, 
(a) it will not develop head 
(b) it will be cavitated 
(c) efficiency will be low 
(d) it will consume excessive power 
(e) no flow will take place. 
127. Which of the following is not a rotary pump ? | 
(a) gear | (b) vane 
(c) screw (d) axial | 
(e) cam and piston. | 
128. Pick up the correct statement 
Rotary pumps are | 
(a) just like centrifugal pumps | 
(b) suitable for both high flow and low head 






(a) 24 (b) 4-8 (c) positive displacement type | 
(c) 8-16 (d) 16-24 (d) suitable only for clean and clear liquids 
(e) 24-32. (e) have pulsating discharge. 


119. In Francis turbine runner, the number of blades is 


129. Impellers for high heads usually have | 
generally of the order of | 


(a) high specific speed (b) low specific speed 





(a) 2-4 (b) 4-8 (c) medium specific speed 
(c) 8-16 (d) 16-24 (d) any specific speed depending on flow and speed 
(e) 24-32. (e) variable specific speed. 

120. A draft tube is used with 130. As specific speed of a centrifugal pump increases: 
(a) impulse turbine (b) Pelton wheel turbine it's blade height 


(a) increases (b) decreases 
(c) remains unaffected 
(d) increase or decrease depends on other factors 
(e) none of the above is true. | 
131. Which of the following pumps is used for pumping — 
viscous fluids ? | 
(a) centrifugal pump (b) screw pump 
(c) reciprocating pump (d) jet pump 
(e) air lift pump. 
132. For flood control and irrigation applications, th? 
pump generally used is 
(a) centrifugal type 
(c) axial flow type 


(c) reaction turbines 
(d) very high specific speed turbines 
(e) axial turbine pumps. 
121. Fora given head the discharge through a pelton tur- 
bine with increase in speed 
(a) increases (b) decreases 
(c) remains unaffected 
(d) depends upon specific speed only 
(e) may increase/decrease depending on the length 
of draft tube. 
122. According to the laws of proportionality for homolo- 
gous turbines, power is proportional to 


b ° P 
(a) DH (D = diameter, H = head) (O) reciprocating type 


(d) radial flow type 


ee eel 
rte ree pe ree = 


(b) D?H (c) D2 H*2 (e) screw type. 
we IDH" Bii 133. For small discharge and high heads which pump i 


preferred 

(a) centrifugal type 
(c) axial flow type 
(e) screw type. 


123. According to the laws of proportionality for homolo- 
gous turbines, speed is proportional to 


(a) VH/D (b) JHID 


(e) JHD. 





(b) reciprocating type 
(d) radial flow type | 


134. Higher specific speed (161 to 500) of centrifugal pumP | 
; 
I 


indicates, that pump is 
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135. 


136. 


137. 


138. 


139, 


(a) radial type 
(c) axial flow 
(e) none of the above. 


(6) mixed flow type 
(d) any one of the above 


Fig. below shows the variation of efficiency, head and 
power input of centrifugal pump at various flows 
Curve A is for 


Design 
point 
l 





100 
% of rated discharge 


200 


(a) head 
(c) power input 


(b) efficiency 

(d) all of the above 
(e) none of the above. 

Curve B is for (Refer Fig. above) 

(a) head (b) efficiency 

(c) power input (d) all of the above 
(e) none of the above. 

Curve C is for (Refer Fig. above) 

(a) head (b) efficiency 

(c) power input (d) all of the above 
(e) none of the above. 


Fig. below shows the variation of efficiency, head and 
power input of axial flow pump of various flows. 
Curve A is for 
(a) head 


(c) efficiency 


(b) power input 
(d) all of the above 
(e) none of the above. 
Curve B is for (Refer Fig. below) 
Design 

point 


Curve 
C 





(a) head 
(c) efficiency 


(e) none of the above. 


(b) power input 
(d) all of the above 


140. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 





Curve C is for (Refer Fig. above) 

(a) head (b) power point 

(c) efficiency (d) all of the above 
(e) none of the above. 


. Cavitation in hydraulic turbine results in 


(a) noise and vibration (6) reduction of discharge 

(c) drop in output and efficiency 

(d) rough surfaces (e) all of the above. 

The cavitation in reaction type hydraulic turbines is 

avoided by 

(a) using highly polished blade 

(b) using stainless steel runner 

(c) running turbine at designed speed 

(d) installing the turbine below the tail race level 

(e) all of the above. 

Runaway speed of a hydraulic turbine corresponds 

to the condition of 

(a) runner revolving freely without load and with 
the gates wide open 

(b) critical speed 

(c) breakage of runner 

(d) speed obtained when 
disconnected 

(e) speed attained with failure of governor. 

The runaway speed of the Francis turbine depend- 

ing on the specific speed, varies from 

(a) 100—200% (b) 170—195% 

(c) 200—245% (d) 400—500% 

(e) upto 1000%. 

Higher specific speed (300 to 1000) of turbine indi- 

cates that turbine is 

(a) Pelton wheel 

(c) Francis 

(e) none of the above. 

Choose the wrong statement 

(a) impulse type hydraulic turbine is suited for high 
heads 

(b) propeller type hydraulic turbine is suited for low 
heads 

(c) Francis turbine is medium speed turbine, 
suitable for medium heads 

(d) impulse type turbine is high specific speed 
turbine 

(e) for higher speeds more than one runner may be 
employed on one shaft on horizontal shaft 
arrangement. i 

Choose the wrong statement for hydraulic turbines 


load is suddenly 


(b) Kaplan 
(d) any one of the above 


(a) speed (N) a= (D = diameter) 


(b) Power (P) a D2 

(c) Na VH (H = head) 
(d) P a H?2 

(e) PaN?, 


A centrifugal pump draws in too much power com- 
pared to design value. It could be due to 
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(a) air leakage 
(b) presence of air in water 
(c) hot liquid 
(d) heavy liquid 
(e) reverse rotation of pump. 
149. Fig. below shows three curves A, B, C for three hy- 
draulic turbines between load and efficiency. These 
turbines respectively are 


Efficiency ——» 
O 


Load -= 
(a) adjustable blade propeller, (ABP), fixed blade 
propeller, (FBP), and Francis turbine (FT) 
(b) FBP, FT, ABP (c) FBP, ABP, FT 
(d) FT, ABP, FBP (e) FT, FBP, ABP. 
150. No flow interaction would occur with air vessel in a 
double acting reciprocating pump in the following 


crank angle position 
(a) 0 and 90° (b) 90° and 180° 
(c) 45° and 125° (d) 39° 34’ and 140° 26’ 


(e) 16° 34’ and 164° 26’. 


151. Air vessels used in reciprocating pumps are initially 
filled with 


(a) compressed air (b) water 
(c) water at high pressure 
(d) vacuum 
(e) none of the above. 
152. Air vessels in reciprocating pump are used to 
(a) smoothen flow 
(b) reduce acceleration to minimum 
(c) increase pump efficiency 
(d) save pump from cavitation 
(e) increase pump head. 
153. Saving of work done and power by fitting an air vessel 
to single acting reciprocating pump is of the 


order of 

(a) 39.2% (b) 49.2% 
(c) 68.8% (d) 84.8% 
(e) 91.6%. 


154. Saving of work done and power by fitting an air vessel 
to double acting reciprocating pump is of the 


order of 

(a) 39.2% (b) 49.2% 
(c) 68.8% (d) 84.8% 
(e) 91.6%. 


155. According to fan laws, for fans having constant wheel 
diameter, the air or gas capacity varies 


(a) directly as fan speed 


156. 


157. 


158. 


159. 


160. 


161. 


162. 


163. 


(b) square of fan speed | 


(c) cube of fan speed 

(d) square root of fan speed 

(e) none of the above. 

According to fan laws, for fans having constant wheel 
diameter, the pressure varies 

(a) directly as fan speed 

(b) square of fan speed 

(c) cube of fan speed 

(d) square root of fan speed 

(e) none of the above. 

According to fan laws, for the fans having constan 
wheel diameters, the power demand varies 

(a) directly as fan speed 

(b) square of fan speed 

(c) cube of fan speed 

(d) square root of fan speed 

(e) none of the above. 

According to fan laws, at constant speed and capacity, 
the pressure and power vary 

(a) directly as the air or gas density 

(b) inversely as square root of density 

(c) inversely as density 

(d) as square of density 

(e) as square root of density. 

According to fan laws, at constant pressure, the speed 
capacity and power vary 

(a) directly as the air or gas density 

(b) inversely as square root of density 

(c) inversely as density 

(d) as square of density 

(e) as square root of density. 


According to fan laws, at constant weight of air of | 


gas, the speed, capacity and pressure vary 
(a) directly as the air or gas density 

(b) inversely as square root of density 

(c) inversely as density 

(d) as square of density 

(e) as square root of density. 

Capacity of hydraulic a 
Specified as 

(a) quantity of liquid accumulated 

(b) maximum flow rate through accumulator 
(c) height raising capability of accumulator 
(d) maximum pressure developed 

(e) maximum energy stored. 

Pressure intensifier incr 
proportion to 

(a) ratio of diameters 

(b) square of ratio of diameters 

(c) inverse ratio of diameters 

(d) square of inverse ratio of diameters 
(e) fourth power of ratio of diameters 
A hydraulic accumulato , 


(a) two cylinders, two rams and a storage device 
(6) a cylinder and a ram 


ccumulator is generally 


eases the pressure 


r normally consists of 
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164. 


165. 


166. 


167. 


168. 


169. 


170. 


(c) two co-axial rams and two cylinders 
(d) a cylinder, a piston, storage tank and co i 
valve ee: 
(e) special type of pump with storage device and 
pressure regulator. i 
A hydraulic intensifier normally consists of 
(a) two cylinders, two rams and a storage device 
(b) a cylinder and a ram 
(c) two co-axial rams and two cylinders 
(d) a cylinder, a piston, storage tank and control 
valve 
(e) special type of pump with storage device and a 
pressure regulator. 
Hydraulic accumulator is used for 
(a) accumulating oil 
(b) supplying large quantities of oil for very short 
duration 
(c) generally high pressures to operate hydraulic 
machines 
(d) supplying energy when main supply fails 
(e) accumulating hydraulic energy. 
Maximum impulse will be developed in hydraulic 
ram when 
(a) waste valve closes suddenly 
(b) supply pipe is long 
(c) supply pipe is short 
(d) ram chamber is large 
(e) supply pipe has critical diameter. 
The maximum continuous power available from a 
hydroelectric plant under the most adverse hydrau- 
lic conditions, is known as 
(a) Base power (b) Firm power 
(c) Primary power (d) Secondary power 
(e) Installed capacity. 
A plot between power generated in MW and time is 
known as 
(a) Load curve 
(c) Load factor 
(e) None of the above. 
Load factor is equal to 
Peak load in a certain period 
Average load during that period 
Average load over a certain period 
Maximum load ocurring during the same period 
Average load over a certain period 
Plant installed capacity 
Average plant capacity utilization 
Average load or plant during that period 
(e) None of the above. 
Average generation in KWH per yeal_ iş known as 
Installed capacity in kW x hrs per year 


(a) Plant factor (b) Capacity factor 
(c) Use factor (d) Any of the above 


(e) None of the above. 


(b) Load duration curve 
(d) Demand curve 


(b) 
(c) 


(d) 


171. 


172. 


173. 


174. 


175. 


176. 


177. 


179 





The ratio of maximum load to rated plant capacity 
is known as 

(a) Load factor 

(b) Utilization factor 

(c) Maximum load factor 

(d) Capacity factor 

(e) Plant factor. 

Portion of the installed reserve kept in operable con- 
dition but not placed in service to supply the peak 
load is known as 

(a) Operating reserve 

(b) Spinning reserve 

(c) Cold reserve 

(d) Hot reserve 

(e) Non-spinning reserve. 

Capacity of a hydroelectric plant in service in excess 
of the peak load is known as 

(a) operating reserve 

(b) spinning reserve (c) cold reserve 

(d) hot reserve (e) peak reserve. 

The specific speed of a hydraulic pump is the speed 
of geometrically similar pump working against a unit 
head and 

(a) delivering unit quantity of water 

(b) consuming unit power 

(c) having unit velocity of flow 
(d) having unit radial velocity. 
In the case of Pelton turbine installed in a hydraulic 
power plant, the gross head available is the vertical 
distance between 
(a) forebay and tail race 
(b) reservoir level and turbine inlet 

(c) forebay the turbine inlet 
(d) reservoir level and tail race. 
Match List I with List II and select the correct 
answer using the codes given below the lists 


List I List II 
(Turbine) (Specific speeds 
in MKS units) 
A. Kaplan turbine 1. 10 to 35 
B. Francis turbine 2. 35 to 60 
C. Pelton wheel with 3. 60 to 300 


single jet 
D. Pelton wheel with 
two or more jets 


4. 300 to 1000 


Codes: A B C D 
(a) 4 3 1 2 
(b) 3 4 2 1 
(e) 3 4 1 2 
(d) 4 3 2 1 
The characteristics of a pump are as shown = ve 
given Fig. below. Based on this figure, match 18 
t answer using the 


with List II and choose the correct 
codes given below the lists : 


Scanned by CamScanner 





4 Q 
R 
List I List II 
A. Curve P 1. Discharge versus head 
B. Curve Q 2. Head versus discharge 
C. Curve R 3. Power versus discharge 
4. Efficiency versus 
discharge 
Codes: A B C 
(a) 2 4 3 
(b) 1 3 2 
(c) 1 4 3 
(d) 4 3 1 


178. A hydraulic power station has the following major 


items in the hydraulic circuit: 
1. Draft tube 


3. Guide wheel 
5. Scrol case 


2. Runner 
4. Penstock 


The correct sequence of these items in the direction 
of flow is 


(a) 4, 2, 3,1,5 
(ec) 1,2,3.5.4 


(b) 4, 3,2,5,1 
(d) 1, 3, 2, 4,5 


179. The degree of reaction of a turbine is defined as the 


ratio of 
(a) static pressure drop to total energy transfer 
(b) total energy transfer to static pressure drop 


(c) change of velocity energy across the turbine to 
the total energy transfer 


(d) velocity energy to pressure energy. 


180. The movable wicket gates of a reaction turbine are 


used to 


(a) control the flow of water passing through the 
turbine. 


(b) control the pressure under which the turbine is 
working. 

(c) strengthen the casing of the turbine. 

(d) reduce the size of the turbine. 


181. For attaining a non-overloading characteristic in 


centrifugal pump. 

(a) forward bent vanes are preferred over forward 
bent vanes. 

(b) forward bent vanes are preferred over backward 
bend vanes. 

(c) forward bent vanes are preferred over vanes 
radial at outlet. 

(d) vanes radial at outlet are preferred over 
backward vanes. 


182. 


183. 


184. 


185. 


186. 


187. 
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The specific speed of a turbine is defined as the Spee | 
of a member of the same homologous series of Such 
a size that it 

(a) delivers unit discharge at unit head. 

(b) delivers unit discharge at unit power. 

(c) delivers unit power at unit discharge. 

(d) produces unit power under a unit head. 

In reaction turbines, the draft tube is used 

(a) for the safety of the turbine. 

(b) to convert the kinetic energy of flow by a gradu 

expansion of the flow cross-section 

(c) to destroy the undesirable eddies. 

(d) for none of the above purposes. 

Hydraulic ram is a pump which works on the prin- 
ciple of 

(a) water hammer 

(b) centrifugal action 

(c) reciprocating action 

(d) hydraulic press. 

For a Pelton wheel, the maximum efficiency is 
obtainable corresponding to ratio of bucket speed and 
jet speed approaching. 

(a) 1 (b) 0.75 

(c) 0.5 (d) 0.25. 

Fig. below shows how the maximum efficiency var- 
ies with increase in specific speed for various types 
of pumps? The curves applicable for radial flow 


pump, axial flow pump, turbine pump and mixed flow 
pump respectively are 






Max. efficiency 


Specified speed —» 
(a)B,D,C,A 
(b) D,B,A,C 
(c) C, A, D, B 
(d) B, D, A, C. 


Fig. below shows the relationship of maximu” 
efficiency with increase in specific speed for varion” 
turbines. The curves applicable for prope!!? 


turbine, Francis turbine and Pelton turbi?’ 
respectively are 


(a) A,B,C 


(6)C,B,A 
(c)A,C,B 


(d) B, A, C. 
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Max. efficiency ————» 





Specific speed ———> 


188. Fig. below shows the diagram of 








189. Fig. below shows the relationship between head and 
Specific speed for various turbines. The regions 
applicable for Kaplan, Pelton, Francis and Propeller 
tubines respectively are 








Specific speed 
(a) C, A, D, B (b) D, B, A, C 
(c)D,B,C,A (d) C, A, B, D. 
190. Match List I and List II select the correct answer. 
List I List II 
(Types of turbines) (Characteristics of turbines) 
A. Propeller 1. Inward flow reaction 


B. Francis 2. Tangential flow impulse 
C. Kaplan 3. Axial flow reaction with 
fixed vanes 
D. Pelton 4. Axial flow reaction with 
adjustable vanes 
Codes: A B C D 
(a) 2 4 1 3 
(b) 3 4 1 2 
(c) 2 1 4 8 
(d) 3 1 4 2 





Air compressor 
© = 
O 
/_\ 
ie «s 
O 
=m] be a @ o maman = O = = 
O 
Air 
pipe O i 
O 

(a) jet pump 

(b) deep submersible pump 

(c) ram jet 

(d) air-lift pump. 

1. (b) 2. (b) 3. (b) 4. (a) 
9. (b) 10. (c) 11. (c) 12. (e) 

17. (c) 18. (d) 19. (b) 20. (a) 
25. (a) 26. (b) 27. (a) 28. (c) 
33. (d) 34. (a) 35. (b) 36. (c) 
41. (b) 42. (c) 43. (b) 44, (c) 
49. (a) 50. (d) 51. (a) 52. (a) 
57. (c) 58. (c) 59. (d) 60. (b) 
65. (c) 66. (a) 67. (d) 68. (a) 
73. (e) 74. (a) 75. (b) 76. (d) 
81. (c) 82. (a) 83. (b) 84. (b) 
89, (a) 90. (a) 91. (a) 92. (b) 
97. (b) 98. (a) 99. (c) 100. (a) 


5. (a) 6. (a) 7. (c) 8. (e) 
13. (a) 14. (d) 15. (a) 16. (b) 
21. (b) 22. (b) 23. (c) 24. (d) 
29. (b) 30. (c) 31. (b) 32. (b) 
37. (e) 38. (c) 39. (e) 40. (b) 
45. (d) 46. (c) 47. (b) 48. (b) 
53. (a) 54. (b) 55. (a) 56. (c) 
61. (c) 62. (c) 63. (c) 64. (d) 
69. (c) 70. (b) 71. (b) 72. (b) 
77. (a) 78. (d) 79. (d) 80. (b) 
85. (a) 86. (e) 87. (d) 88. (b) 
93. (c) 94. (d) 95. (e) 96. (b) 

101. (b) 102. (c) 103. È) 104. (b) 
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105. (e) 106. (b) 107. (d) 108. (b) 
113. (b) 114. (a) 115. (c) 116. (b) 
121. (a) 122. (c) 123. (a) 124. (b) 
129. (b) 130. (b) 131. (b) 132. (c) 
137. (a) 138. (c) 139. (b) 140. (a) 
145. (b) 146. (d) 147. (e) 148. (d) 
153. (d) 154. (a) 155. (a) 156. (b) 
161. (e) 162. (b) 163. (b) 164. (c) 
169. (b) 170. (d) 171. (b) 172. (c) 
177. (a) 178. (b) 179. (a) 180. (a) 
185. (c)* 186. (d)* 187. (b)* 188. (d)* 
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109. (c) 110. (a) 111. (a) 112.(q) | 
117. (d) 118. (b) 119. (d) 120. (c) 
125. (d) 126. (b) 127. (d) 128. (c) 
133. (b) 134. (c) 135. (c) 136. (b) 
141. (d) 142. (e) 143. (a) 144, (b) 
149. (b) 150. (d) 151. (e) 152. (b) 
157. (c) 158. (a) 159. (b) 160. (c) 
165. (d) 166. (a) 167. (b) 168. (a) 
173. (a) 174. (a) 175. (b) 176. (c) 
181. (a) 182. (d) 183. (b) 184, (a) 
189. (d) 190. (d) 


EXPLANATORY NOTES 





185. Fig. below shows how the efficiency of pelton wheel 


bucket speed Plt. 
jet speed 





| 187. 
> 
O 
Cc 
2 
O 
€E 
W 
Bucket speed 188. 
Jet speed 
186. It is important to remember these curves as these 
are very useful for proper selection of the desired 
pump for given conditions. 
~ PROBLEMS 
Provide single suitable word(s) for following 9. 
statements: 
1. A mechanical device to increase the pressure energy of 
a fluid. 10 
2. It reduces the possibility of separation and cavitation 
in reciprocating pumps. 11 
3. Reciprocating pumps having two suction pipes and two 
delivery pipes, one on each side. 12 
4, Indicator diagram for a reciprocating pump is ...... in 13 
shape. 
5. Acceleration head in the middle of the suction and 14 
delivery strokes in a reciprocating pump is ....... 
G. The frictional head in the middle of the suction and 15 
delivery strokes in a reciprocating pump is ............. 
7, A cast iron chamber, having opening at the base, 29 
through which water can flow. 
g. Air vessel allows the pump to run at a higher speed 17 


varies with change in 





and SaveS «+--+ due to lesser acceleration head. 


. Two high and two low tides in sea occur in 
. Hydro plants which utilise the same water by recycling 


The specific speed is related to the type and class of 
machine in view of the fact that each class of 
machine has its own peculiar dynamic conditions 
which limit the scope of its operation. For instance, 
axial flow pumps deliver large discharges against 
low heads and thus have large specific speeds. 


Specific speed is the most relevant practical criterion 
for selecting turbine since it combines the three most 
relevant factors, viz. speed, head and discharge or 
power at a specified operating efficiency. It is 
important to remember that for pelton wheel the 
operating range of specific speed is very small, while 
that of propeller turbine it is widest and the Francies 
turbine lies in between. 


Fig. with question 188 shows the diagram of air lift 
pump in which compressed air is pumped down the 
well and up the eduction (discharge) pipe. The air 
water mixture is light and therefore provides a dif- 
ference of head between the water level in the well 


and liquid in the pipe which forces water up the 
discharge pipe. 





The normal force acting on a stationary flat plate by 


oo of a jet is proportional to ............. of velocity of 
jet. 


. Ifa water jet at velocity V strikes a flat plate moving at 


velocity u, then force on plate is proportional to ....--- 


. Maximum efficiency that can be developed by a series 


of moving plates hit by a jet of water. 


using pumping. 


- Hydel plants upto 100 kW capacity are called..." 


hydel plants. 


. Hydel plants in which power house is located along th? 


main course of the river, 


. The passage by cutting the mountain to reduce th? — 


cnet of waterway between the reservoir and the pow" 
ouse. | 


. A pipe to carry the water from reservoir to the turbi”? 


house, 


tory note is given at the end. 


«Indicates that explana 





A 
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18. 


19. 
20. 


21. 
22. 
23. 
24. 
25. 


26. 


27. 


28. 
29. 
30. 
8l. 
32. 
33. 
34, 


35. 


36, 





A dam constructed to raise water level and to divert 
river flow in another direction. 
It protects the penstock against water hammer. 


Enlarged body of water provided just in front of 
penstock. 


Place where water from the turbine is disposed. 
For low heads, are unsuitable. 


uae turbines operate on the basis of difference of 
pressure at the inlet and outlet of the turbine. 

Whole of the pressure energy is first converted into 
kinetic energy. 


Head above m and small quantity of water 
requires impulse turbine. 


eeeeeeeeeeces 


Low head below 30 m and large quantity of water 
requires reaction turbines such as turbine. 
Medium head between 30 m and 200 m and medium 


quantity of water requires reaction turbine such as 
turbines. 


Kaplan turbine has specific speeds varying from 
to 


Seeeeeesens 
eeeeteosees 


Francis turbines have specific speeds varying from 
to 


flow turbine water enters radially and leaves 
the runner axially. 

For maximum efficiency wheel velocity should be 
the jet velocity in the Pelton wheel. 


Economical diameter of 
formula. 


penstock is determined by 


Hydro project used for power production, water supply 
irrigation, flood control, navigation etc. 
Kaplan turbine is 
In 


runner throu 
direction and 


flow type turbine. 

turbine, the water under pressure enters the 
gh the guide blades radially in inward 
leaves axially. 

A tube or passa 
Section. 


ge having gradually increasing cross- 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


ol. 


52. 
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The speed ratio u/,/2gH for Francis turbine varies from 


Efficiency of draft tube is the ratio of actual regain of 
pressure head and 


When the pressure in any conduit falls below the vapour 
pressure, may occur. 


rere turbine has guide vanes as well as runner 
vanes adjustment for controlling speed. 


In turbine, only guide vanes are adjusted as per 
load requirement. 


Specific speed of hydraulic turbine is proportional to 


Specific speed of hydraulic turbine is inversely propor- 
tional to 


Unit power of turbine can be determined by dividing 
the normal output by 


Unit speed of turbine can be determined by dividing 
the normal speed by 


If water has large amount of dirt and sand then 
turbine can’t be used. 


EAER pump is a positive displacement type pump 
having circular motion. 


The best suited pump for lifting water having solids in 
suspension. 

A pump used to lift the water in a greater quantity when 
a small quantity of water is available at more height. 
A device for increasing the intensity of pressure by 
utilising the energy of a large quantity of water avail- 
able at low pressure. 

An automatic clutch which transmits power from one 


shaft to another by means of the circulation of oil 
between the two halves of this device. 


1, pump 2. air vessels 3. double acting pumps 4, rectangular 
ð. Zero 6. maximum 7. air vessel 8. power 
9. Square 10. (V - u)? 11. 50% 12. 24 hrs 50 mts. 
13, Pumped storage plants 14, micro 15. Run of river plants 
16. tunnel 17. pen stock 18. diversion dam 19. surge tank 
20, forebay oa arae 22, Pelton wheels 23. reaction 
24, impulse turbine 25. 200 26. Kaplan 27. Francis 
28. 300 to 1000 29. 50 to 300 30. mixed 31. half 
32, Sarkaria 33. multi-purpose project 34. axial 35. Francis 
36, draft tube 37. 0.6 to 0.9 38. 2 39. velocity head at entrance 
40, Cavitation 41. Kaplan 42, Francis 43. ({P ) 
~ a r 45. HVH 46. (VH ) 47. Francis 
a tai’ 49, air lift pump 50. Jet pump 51. hydraulic intensifier 
Coupling 


Scanned by CamScanner 





COMPRESSORS, GAS TURBINES AND JET ENGINES 


Compressors 
Compressors may be divided into two main classes: 
reciprocating and rotary. 


Assuming clearance and leakage to be absent, total 
work done on reciprocating compressors is given by 


y-1 
Y 
Eeee a 22) = PV: 
p 
for adiabatic compression 


y = ratio of specific heats. 
This is also equal to HET, -T,) 
Work done in case of isothermal compression 


Vi 
= p,V, log, Vy 


Work done is minimum when compression follows 
isothermal law, i.e., pv = c or n = 1 and is maximum for 
adiabatic compression. 


Compressor efficiency or Isothermal efficiency 
_ Isothermal work done 
Indicated work done 
PY, l0ge(V1/V2) 
= get |(Pe/ py)" — 1| 
Mechanical efficiency 


_ Indicated h.p. 
~ B.H.P. of motor 
Adiabatic efficiency 








Y (y- 1 
—— ||(pə/p;) Y Tæl 
7 Adiabatic h.p. _ f — i P2’ Pi | 
~ B.H.P.of motor ( n (n-Din 
f : i) [p/p 7?" — 4] 
Compression work is least for isothermal compression 
and attempts need to be made to approach same. 





Advantages of multi-stage compression are: 


(i) An opportunity is given to cool the air in external 
cooler on discharge from cylinder and before entering the 
next cylinder. 


(ii) Better mechanical balance, and uniform torque of 
multi-crank machines and smaller flywheel. 


(iii) Increased volumetric efficiency as a result of lower 
pressure in 1.p. cylinder clearance. 


(iv) Reduction of power to drive. 
(v) Possibility of running at higher speeds. 
(vi) Provision of better lubrication due to smaller 


king temperature. , 
wor. Pe! ) Smaller leakage loss and lighter cylinders. 
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Ideal intercooler pressure p, for two stapa 
polytropic compression operatıng between pressures p 1 ang 


p; is given by Po = 4| pyp3 


Work done for N stages in case of perfoy 
intercooling will be 


(n — 1)/Nn 
Nn r (2x4) 


-1 








Pi 


Heat rejected with perfect intercooling 


= c, + C, (1), = T,) 


Volumetric efficiency of compressor considering the 


clearance 
Un 
at (2) | 
Us Pi 


U . 
—& = Clearance ratio 
Us 





where, 


Clearance volume 
~ Swept volume 
Fig. 4.4 shows the compressor cycle on p-v diagram 
Net work done during a compression cycle 





pal 


(n—1)/n 
Pp, x Effective swept volume (2) -1 
Pı 





Fig. 4.4 shows theoretical cycle. In practice throttling 
of air at intake causes the suction pressure to fall; throttling 
of air at outlet causes the discharge pressure to rise; clearance 


causes expansion on the outstroke, thereby reducing the — 


capacity of machine. 
It is important to note that 


(i) throttling the low-pressure suction increases the 
temperature range in successive Stages; 


Effective 
swept volume 





Fig. 4.4 


(ii) increasing the clearance in one stage causes more 
work to be done in the lower stage. 
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ntrol of Compressors 
The amount of air delivered by the compressor can be 
controlled by 


(a) Throttle control. In this method, the suction valve 
of compressor is throttled to permit less suction air to be 


Co 


compressed. 
(b) Clearance control. For high pressures in receiver 
is ] : ) 
the clearance volume 1s increased by opening some valve 
i ; , 
thereby reducing volumetric efficiency. 


(c) Blow-off control. The compressed air from 
compressor is bypassed to atmosphere, when pressure in the 
receiver is high. 

Centrifugal compressors. Single stage centrifugal 
compressors can produce pressure ratio of 4 : 1. These have 
smaller length and can perform efficiently over wide range 
of mass flows at any particular speed. The performance is 
not deteriorated by contaminated atmosphere. However, 
these have large frontal area as compared to axial flow 
compressor and have lower maximum efficiency. These find 
use in superchargers and turbopropeller units. These are 
preferred where simplicity, light weight and ruggedness are 
the criteria. 

In centrifugal compressor, the air contained in its 
rotating passages is subjected to a centrifugal force which 
causes the air to flow radially outward. Pressure rise takes 
place in diffuser. 

SOON Us 
H.P. required to drive an ideal compressor = 75g per 


kg of flow/sec. 
(where, U, = blade tip velocity) 


—1)/ 
IC To [r0 - 1| 
p 75 


where, r = static pressure ratio. 
quired per 


_ Roots Efficiency. It is the ratio of work re l 
minute for ideal isentropic compression to the work required 
per minute to drive the roots blower compressor. 
Mathematically 


Lle 


o E E 


a= 1) 


wh . 
ere, r, = pressure ratio 


Tast = 


i = 4 


Forward sl nd backward curved blades. 
Backward curved blades have slightly higher efficieney aes 
ay Stable over a wider range of flow. Forward curve l ri bi 
mea o ate the highest pressure ratio for a given ® aa 
Derat: ut it is inherently less stable and possesses a dial 
rating range. Gnod nerformance can be had ss 





impeller blades which is exclusively used in turbojet engine 
applications. 


Characteristics of Centrifugal Compressors 

The ideal radial vane centrifugal compressor will have 
constant pressure ratio with change in mass flow. But losses 
like friction losses (proportional to V? or mass“) and incidence 
losses (proportional to drag coefficient x V2) make the 
pressure ratio to first increase with increase in mass flow, 
reach a maximum value and then fall as shown in Fig. 4.5. 


Ideal 


Loss 


— e 
Pressure ratio 
= 


Mass flow ——> 
Fig. 4.5 


Surging and Choking 

Phenomena of surging (on pumping) occurs in 
centrifugal compressors at low mass flow rates when 
compressor is operated at any point on left of the maximum 
pressure ratio point. This instability is very severe in 
compressors producing high pressure ratios and it may lead 
to physical change due to impact loads and high frequency 


vibration. 
At higher mass flow rate points, a stage is soon reached 
when mass can’t be increased any further, known as choking. 


The surge line is marked on compressor characteristic 
curves and is found to be very close to peak efficiency line. 
When the compressor is used with the gas turbines then the 
characteristics must be matched properly, otherwise 
problems of surging or low efficiency will be experienced. 


Axial Flow Compressors. The blading of axial flow 
compressors 1S designed on an aerodynamic basis. These find 
wide application in aircraft and industrial gas turbines 
because of higher efficiency and capability of producing higher 
pressure ratio on a single shaft. Stage pressure ratio of about 
1.2 can be obtained with overall pressure ratio of upto 8 : 1 
or even higher. A number of stages are clubbed together. 
These produce high thrust per unit frontal area. These have 
advantage of large air handling capacity with a small frontal 
area, a straight through flow system and high pressure ratios 
with relatively high efficiencies. However it is a complex unit 
with high initial cost. It consists of an alternating sequence 
of fixed and movable set of blades. 

Stall and Surge. Blade stall is associated with 
reduced flow rate. At low speed, the absence of pressure 1n 
the last stages leads to choking. Stalling does not necessarily 
cause a complete breakdown of flow but this is only a mild 
instability. Sufficient extensive stall results in 4 sufficient 
reduction of total flow and the mechanism of surging takes 
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place. Stalling is the phenomenon in which air stream is not 
able to follow the blade contour. 


Characteristics. Axial flow | 
characteristics are quite similar to the centrifugal type but 
these cover a narrower range of mass flow than centrifugal 


type. 


compressor 


Curves at two ends are limited by surging and choking. 
Surge points in axial flow compressors are reached before 
the curves reach a maximum value. Therefore the design 
point which is always near to the peak of the characteristic 
is also very near the surge lines making operating range quite 
narrow, calling for great care in selection for a duty. 


Roots Blower 
It is used for delivering large quantities of air at 
relatively low pressure. 





Fig. 4.6 (a) Root blower. 





P2 
p 
Py 
Yip 7s] 
v — 1 12 1416 18 ? 
P/P: —> 
Fig. 4.6 (b) Fig. 4.6 (c) 


This has two rotors with 2 30 i 
, a R » 9 Or 4 lobes wh 
in opposite directions so that the lobes mesh and srr 
small clearances in the casing. Compression takes plac i 
approximately constant volume. Two stage blower i ee 
for pressure ratio of more than 2. ae 


Work input per revolution W = pw, (r= 1) 
§ 


where, 
Pi 


To 
Y 


= 


Isentropic work W, = Py, (= A 
Y — 
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11) 
[mN 
(r — 1) 


ee 


-Mi 
I= 1 


Y 

Efficiency, y — 
Vane Compressor 
It consists of a rotor mounted eccentrically in , 


cylindrical casing. The rotor has a number of radial slots iņ | 
which are mounted sliding vanes, often of non-metallic | 
material, between which the air is trapped (2.5 m3/⁄s) | 
Reduction in the volume between vanes as the rotor rotates __ 
produces compression of the order of 8.5. Higher pressures | 


may be attained by using more than one stage. 
Fig. 4.7 (a) shows a two-stage vane compressor. 





Two-stage vane compressor 


Fig. 4.7 (a) 


The work is done partly isentropically and partly at 
constant volume. Assuming ideal conditions, total work done 
per revolution W, = W, + W.. 





ave eg 


Isentropic work done W, = 
(y-1) 


Pi 


— 


Pı 


where, r = 





Fig. 4.7 (b) 
Constant-volume work done W = P2- Pi) Us 
U n 
where, r= Po 
Pi 


Gas Turbines 
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ircraft power pl ; 
are reeminent as an aircraft p plant and m 
go beyond 35000 h.p. Compared to I.C, went tan 


advantage of weight, size and shape, but Poor in fuel econom 
Dynamics of fluid flow. This can be a y. 
considering 
(i) Conservation of mass 


ysed by 


(ii) Newton’s second low 


(iii) First law of thermodynamics (conservation of 
energy) and 
(iv) Second law of thermodynamics. 

Subsonic, supersonic and sonic flow. At subsonic 
flow (Mach no. (M, < 1), with increase in area, pressure and 
density increase but velocity decreases. 

At supersonic flow (M > 1), with increase in area 
pressure and density decrease but velocity increases. 


At sonic flow (M = 1), area is minimum, the pressure 
and density changes near sonic condition become very large 
for even a small change in area. Also the change in velocity 
and change in density compensate near sonic velocities. 


Fig. 4.8 shows a diagrammatic layout of a simple gas 
turbine plant based on Brayton cycle. Its cycle thermal 
efficiency 


an ( P yy — 1)/y 
P = pressure ratio for the expansion phase of cycle 


Fuel 


Combustion 
chamber 


© 


© 






Work 





Compressor 


O 





© 


Fig. 4.8 


The gas turbines may be classified as open cycle, closed 
cycle, and semi-closed cycle. The open cycle gas turbines are 
further classified as constant volume (working on Atkinson 
cycle) and constant pressure (working on Brayton cycle). 
Closed cycle gas turbines are similar to steam turbine plants. 
Semi-closed cycle employs two turbines, closed cycle gas 
turbine driving the compressor, and open cycle turbine 
driving the main generator. 

Gas turbines are based on Brayton cycle for which 
following observations should be noted. With regeneration, 
efficiency reduces as the pressure ratio increases because 
with increase in pressure ratio, the compressor pore) 

mperature rises and ultimately exceeds that of the exhaus 
gas from the turbine. At this point heat in the regenerator 16 
lost from the air to the exhaust. 

In many cases, regeneration is not ¢ 
Pressure ratios, efficiencies are higher wi 

ause of heat loss from compressed air to 


desirable. With high 
thout regeneration 
the exhaust gases. 
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. Efficiency, with or without regeneration, rises very 
rapidly with increase in maximum temperature of the cycle. 


Low pressure-ratios and high-temperatures are 


favourable for regenerative cycle due to possibility of large 
heat recoveries. 


. For a given temperature-ratio, there is a fixed pressure 
ratio at which efficiency is maximum. 


Limitations in actual gas turbine cycles 


. (i) Compression and expansion processes are not 
frictionless. However these are nearly adiabatic because of 
negligible heat transfer. 


(ii) Pressure losses occur in combustion chamber, heat 
exchanger, ducting etc. 


(iii) Specific heats of the working fluid vary throughout 
the cycle due to temperature change and contamination of 
by-products of combustion. 


(tv) Heat exchangers are not ideal. 


(v) Negative work to drive compressor and other 
auxiliaries is more than theoretical. 


(vt) In ideal case it is assumed that velocity of gas 
stream and hence kinetic energy is same before and after 
the process. In actual cycle, the changes in kinetic energy 
are appreciable and hence the need to consider the stagnation 
properties (denoted by zero suffix at bottom) for calculating 
work done in various components. 


Actual 
expansion 
in turbine 


“~ — 





Actual (ge 49) 


compression 





Fig. 4.9 
Following relations may be noted. Efficiency of 
compressor 


que hoz’ — hor 
© ho-ho 
If, = total-head pressure ratio, or stagnation pressure 
ratio for compression, 


To, (1 el 1) 
Toz — Tor 
Efficiency of turbine 
MEA 
hos — hog’ 


and ifr, = total-head pressure ratio for expansion then 


then Ne = 
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Tog — Tos 


ee.) ai. ee 
= 1 
Tos | 1- -0-07 
" 


Actual work of compression 
C,4: (_ 14 
= dab (> es ie 1) 
Ne 
Actual work of expansion 





y-1 
To y -1 

=1,C,,. Tog rY- Diy 
p 


If works of compression and expansion be equated, 
then minimum temperature ratio 


tau 

Y 
Too _ Tp 
To Mene 


For gas turbine, the “negative” work of compression 
is a considerable fraction of the total turbine work and thus 
the compressor efficiency is very significant. The magnitude 
of effect of compressor and turbine efficiencies can be assessed 
by a parameter known as “work ratio”, which is equal to ratio 
of net work to the total turbine work. 


y-1 


7 

‘i 

Work ratio = 1 - =—. Tor 
Ne Ne Tos 


It may be noted that work ratio is increased by high- 
temperature ratio (To3/To1) and by a low pressure ratio ra: 


Overall cycle efficiency, 


la” 1 
1 1 T 


= —r Am 











Fig. 4.10 





00°K 
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1000°K 
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= 

Q 

J 

y a To3 = 900°K 

i 

O 

a 60 

u) 


Fig. 4.11 


where, C „ and C,, are mean specific heats of air and gas 
respectively ; Y, and Y are ratio of specific heats for air and 
gas 


Po1 


The variations of overall cycle efficiency and specific 
output (HP/kg of air/sec) vs pressure ratio r, for To of 900, 
1000 and 1100°K are shown in Fig. 4.10 and 4.11. Its would 
be seen that effect of increasing T „„ is to increase both n 
and specific output. Both n and specific output have 
maximum values at certain value of r.. Increase of T naz 88 
more effect on specific work output than on efficiency. 


Effect of Regeneration. Addition of heat exchanger 
in gas turbine cycle increases values of both overall cycle 
efficiency and specific output for given pressure ratio. The 
effect on specific output is small due to increased pressure 
losses and hence, reduced pressure ratio across the turbine. 
Regeneration lowers the pressure ratio at which the peak 


efficiency occurs, permitting use of simple and cheaper 
compressor of high efficiency. 


es the efficiency. In 
ses considerably and 
o. Efficiency is little 


tput per kg of air, making 
ing and regeneration, in 
ut also improve efficiency. 
e ratio of net work output from 
ned from the turbine. 

i shows a gas turbine c 
ustion chamber, heat 


Fig. 4.13, 
diagram. 


Work Ratio. It is th 
the plant to the work obtai 


Fig. 4.12 ; 
reheater, comb > cje using ne 
ger, etc. 


shows the cycle shown in Fig. 4.12 on T-S 


Jet Propulsion 


Actual a > meer; g ajet propulsion unit is Joule cycle. 
is as under: nin #18. 4.14. The operation of this cycle 
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atmosphere 4 


Compressors 


To Heat 
atmosphere 10 | exchanger 

















Reheater 






Compressor 
turbine 


Combustion 
chamber 


Fig. 4.12 

C—D Diffuser converting some of kinetic energy of 

a impeller discharge into pressure energy. 
Poy =C Qe od O D—E Heat absorption at constant pressure in 

„© a combustion chamber. 
Qe = Qe E—F Adiabatic expansion through turbine nozzles 
> © @ and blades. 
a ey CEN JS F—G Reheating due to friction losses in nozzles and 
blades. 





Fig. 4.13 







\. B Isothermal 
ZZ vs 
ag, SD E 
eo G 
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A 










Vr 


Fig. 4.14, p-v diagram for jet propulsion unit. 
inlet duct of diverging 


gy being converted to 
n volume. 


A—B Auto compression in the 
shape; some kinetic ener 
heat which results in slight increase 1 

B-C Compression due to vortex motion in impeller, 
there being further heating. 


G—H Adiabatic expansion in jet tube. 
Propulsive power 


ey 
= a and thrust power = (U — V)V 
Propulsive efficiency 
E Thrust power 
~ Propulsive power 
Q2U-V)V_ w 2 


2 2 = T 
Ut -V U +V EE 








Exact value of propulsive efficiency 


Gaal» 
U AFR|\ V 
where, U = speed of jet, V = velocity of the products of 
combustion leaving the jet-tube. 
AFR = air fuel ratio or mixture strength. 
Thermal efficiency of jet propulsion unit 
v2 U? 
ee 
~ Calorific value of fuel 


AFR 
More exact value of thermal efficiency 


FF 1 deley 4} 


? EA x Calorific value + 1 





AFR| U 
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In case of rocket 
Overall thermal efficiency, AFR = 0 
“ty 1) J No a aU IV) | 
QZArK v(t + aii) E lo Zyd ae V, 
No * Calorific value | ] U” 
ad x yE f 
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MULTIPLE CHOICE QUESTIONS 





I ir is the air at (a) isothermally (b) adiabatically 
1. Free air is the air a , me a 

(a) atmospheric conditions at any specific location (c) isentropically (d) inochronically 

, i = ie 

(b) 20°C and 1 kg/cm? and relative humidity of 36% (e) ay per law pV" = ( | | 

(c) 0°C and standard atmospheric conditions g. Maximum work is done in compressing air, when the 

(d) 15°C and 1 kg/cm? compression if 

‘ ‘ 
j rmi (b) adiabatic 
(e) 25°C, 1 kg/cm? and relative humidity of 50%. (a) isothermal] )) adiab | 
| (c) polytropic (d) any one of the above 


2. Standard air is the air at ae 
if] 7 ; s above, 
(a) atmospheric conditions at any specific location ¢) none oF thi 7 7 
(b) 20°C and 1 kg/cm? and relative humidity 36% 9. The pressure and temperature conditions of air at 
»guction of compressor are 
(c) 0°C and standard atmospheric conditions the suctio | J 
(d) 15°C and 1 kg/cm? (a) atmospheric 
a ‘ 

(e) 25°C, 1 kg/cm? and RH of 60% (b) slightly more than atmospheric 
e 9) 9 ITC A D. 


(c) slightly less than atmospheric 


f 


3. 1m’ of air at atmospheric condition weighs approxi- 


(d) pressure slightly more than atmospheric and 
mately i 
0.5] by 1.0] temperature slightly less than atmospheric 
aa Oe ( u lightly | tH tmospheric and 
¢) pre c slig cess than atmospheric ¢ 
(c) 1.3 kg (d) 2.2 kg e} pressure sigh J 


temperature slightly more than atmospheric. 
(e) 3.2 kg. 9 / pE r “at o 
10. Isothermal compression efficiency can be attain 

4. Adiabatic compression is one in which by running the compressor 


(a) temperature during compression remains (a) at very high speed (b) at very slow speed 





constant 
, (c) at average speed (d) at zero speed 

(b) no heat leaves or enters the compressor cylinder (e) j 

during compression e) isothermally. 

. - . ’ T 4 " è e aei i “cr ae ‘ Í if 
(c) temperature rise follows a linear relationship 11. The compressor capacity with decrease in suction 
, temperature 

(d) work done is maximum 


(e) entropy decreases. (a) increases (b) decreases 


: j i (c) remai affecte 
5. The capacity of a compressor is 5 m4/min. 5 m/min ains unatiected 


refers to (d)may increase or decrease depending % 
(a) standard air compressor capacity 
(b) free air (e) increases upto certain limit and then decreas 
(c) compressed air 12. Isothermal compression efficiency, even when rus: 
(d) compressed air at delivery pressure Pepe H re “a ve approached by using 
(e) air sucked. E eslð uate on pression 
6. The overall isothermal efficiency of compressor is (e) both (a) « a, b É 
defined as the ratio of and (b) above 
(a) isothermal h.p. to the BHP of motor (d) bully insulating the cylinder 
(b) isothermal h.p. to adiabatic h.p, (e) high stroke. 
(c) power to drive compressor to isothermal h.p. a sapp ression efficiency ig compared against 
(d) work to compress air isothermally to work for (a) ideal compression 
actual compression (b) adiabatic compression 
(e) isothermal work to ideal work. (c) both isothermal and adiabatic compression 
7. The most efficient method of compressing air is to (d) isentr opic compression 
compress it (e) isothermal compression. 
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16. 


17. 


18, 


19, 


20, 


21, 


R80 MACHINERY 


roplanes employ following type of compressor 
(6) axial flow 


(a) radial sae! 
(d) combination of above 


(c) centrifugal 
(e) none of the above. 
Inter-cooling in compressors 


(a) cools the delivered air 


(b) results in saving of power in compressing a 
given volume to given pressure 

(c) is the standard practice for big compressors 

(d) enables compression in two stages 

(e) prevents compressor jacket running very hot. 

An ideal air compressor cycle without clearance on 

p-v diagram can be represented by following pro- 

cesses 

(a) one adiabatic, two isobaric, and one constant 
volume 

(b) two adiabatic and two isobaric 

(c)two adiabatic, one isobaric and one constant 
volume 

(d) one adiabatic, one isobaric and two constant 
volume 

(e) two isobaric, two adiabatic and one constant 
volume. 

An ideal air compressor cycle with clearance on p-v 

diagram can be represented by following processes 

(a) one adiabatic, two isobaric, and one constant 
volume 

(b) two adiabatic and two isobaric 

(c)two adiabatic, one isobaric and one constant 
volume 

(d) one adiabatic, one isobaric and two constant 
volume 

(e) two isobaric, two adiabatic and one constant 
volume. 

What will be the volume of air at 327°C, if its vol- 

ume at 27°C is 1.5 m?/mt ? 


(a) 3 m3/mt (b) 1.5 m°/mt 
(c) 18 m3/mt (d) 6 m?/mt 
(e) 0.75 m3/mt. 


The work done per unit mass of air in compression 
will be least when n is equal to 


(a) 1 (b) 1.2 
(c) 1.3 (d) 1.4 
(e) 1.5. 


Isothermal compression though most efficient, but 

1S not practicable because 

(a) it requires very big cylinder 

(b) it does not increase pressure much 

(c) it is impossible in practice 

(d) Compressor has to run at very slow speed to 
achieve it 

(e) it requires cylinder to be placed in water. 

Ratio of indicated H.P. and brake H.P. is known as 

(a) mechanical efficiency (b) volumetric efficiency 

(e) isothermal efficiency (d) adiabatic efficiency 

(e) relative efficiency. 


22. 


23. 


24. 


26. 


28. 


29. 


30. 





The ratio of work done per cycle to the swept volume 

in case of compressor is called 

(a) compression index (b) compression ratio 

(c) compressor efficiency 

(d) mean effective pressure 

(e) compressor effectiveness. 

Cylinder clearance in a compressor should be 

(a) as large as possible (b) as small as possible 

(c) about 50% of swept volume 

(d) about 100% of swept volume 

(e) none of the above. 

Ratio of compression is the ratio of 

(a) gauge discharge pressure to the gauge intake 
pressure 

(b) absolute discharge pressure to the absolute 
intake pressure 

(c) pressures at discharge and suction corres- 
ponding to same temperature 

(d) stroke volume and clearance volume 

(e) none of the above. 


. Clearance volume in actual reciprocating compres- 


sors is essential 

(a) to accommodate valves in the cylinder head 

(6) to provide cushioning effect 

(c) to attain high volumetric efficiency 

(d) to avoid mechanical bang of piston with cylinder 
head 

(e) to provide cushioning effect and also to avoid 
mechanical bang of piston with cylinder head. 

The net work input required for compressor with 

increase in clearance volume 

(a) increases (b) decreases 

(c) remains same 

(d) increases/decreases depending on compressor 
capacity 

(e) unpredictable. 


. Ratio of indicated h.p. to shaft h.p. in known as 


(a) compressor efficiency (b) isothermal efficiency 

(c) volumetric efficiency (d) mechanical efficiency 

(e) adiabatic efficiency. 

Volumetric efficiency is 

(a) the ratio of stroke volume to clearance volume 

(b) the ratio of the air actually delivered to the 
amount of piston displacement 

(c) reciprocal of compression ratio 

(d) index of compressor performance 

(e) proportional to compression ratio. 

Volumetric efficiency of air compressors is of the or- 

der of 


(a) 20-30% (b) 40-50% 
(c) 60-70% (d) 70-90% 
(e) 90-100%. 


Volumetric efficiency of a compressor with clearance 


volume 
(a) increases with increase in compression ratio 


(b) decreases with increase in compression ratio 
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(c) in not dependent upon compression ratio 
(d) may increase/decrease depending on compressor 
capacity 
(e) unpredictable. 
31. Volumetric efficiency of a compressor without clear- 
ance volume 
(a) increases with increase in compression ratio 











(b) decreases with increase in compression ratio p3) 2 i 
(c) is not dependent upon compression ratio + Povo Pi E 
(d) may increase/decrease depending on compressor 
capacity (e) none of the above. 
(e) unpredictable. 38. Optimum intermediate pressure in two stage com. 
32. The clearance volume of the air compressor is kept PEESBOL 35 l 
minimum because (a) average of suction and delivery 
(a) it allows maximum compression to be achieved (b) 50% of difference of two 
(b) it greatly affects volumetric efficiency (c) geometric mean of two 
(c) it results in minimum work (d) one fourth of sum of suction and delivery 
(d) it permits isothermal compression (e) none of the above. 
(e) none of the above. 39. Ifkis the clearance factor for a compressor, its voly. 
33. Euler’s equation is applicable for metric efficiency is equal to 
(a) centrifugal compressor (b) axial compressor Yn i. 
(c) pumps (d) all of the above (a)l+k-k (2) (b)1+k—k (2) É 
(e) none of the above. Pi Pı 


34. Shaft work of compressor is given by 


T: 
(a) Sen 2-1 (b) pw- paa) 


n — 





1 
— Vn 
14k a [Bayh @1+k-#( 2] 
Pı V1 











1 (e)l +k. 
4 40. Out of the following, from where you will prefer to 
i Ve take intake for air compressor 
(c) ; RT, (2) = (a) from an air conditioned room maintained at 
n — P1 20°C 
(b) from outside atmosphere at 1°C 
a of rae (c) from coal yard side 
one o nies (d) from a side where cooling tower is located 
35. The expression of shaft work of compressor nearby 
n 





(e) from an f À 
n — 1£(T2 — T)) is applicable for y one of the above locations. 











41. Mining industry usually employs following motive 
(a) air at any pressure and temperature peed 
(b) O,, NH, etc. (a) A.C. electric motor (b) compressed air 
(c) ideal gas (c) petrol engine (d) diesel engine 
(d) gas and vapour (e) D.C. electric motor. 
(e) all of the above. 42. Which is false statement about air receivers ? 
36. Separators are generally installed in compressors (a) These are used to dampen pulsations 
(a) after the intercooler (b) before the intercooler (b) These act as reservoir to take care of sudden 
(c) before the receiver (d) after the aftercooler demands 
(e) before first stage suction. (c) These increase compressor efficiency 
37. Compressor work for a multistage compressor with (d) These knock out Some oil and moisture : 
| prefect intercooling will be equal to (e) These reduce frequent on/off operation of 
| compressors. 
i n-1 n-1 . 
| = pp) ® E r 43. For maximum efficiency in multi-stage compress 
| (a) pyr, n-1 2 + 22) -2 (a) air should be cooled to initial temperatu? — 


between the stages. 


(6) pressure ratio for each sta 
ge should be same 
(py; + Pad») (c) work done for each Stage should be same 
(d) all of the above 


(e) none of the above. 


(b) 


n-1 


) 
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45. 


46. 


47. 


48. 


49. 


50. 


51. 


52, 





EIR ‘4. An ait receiver is to be placed outside. Should it be 


placed in 

(a) sun (b) shade 

(c) rain (d) enclosed room 
(e) anywhere. 


Which is false statement about multistage com- 
pression ? 
(a) Power consumption per unit of air delivered is 
low 
(b) Volumetric efficiency is high 
(c) It is best suited for compression ratios around 
Tal 
(d) The moisture in air is condensed in the inter- 
cooler 
(e) Outlet temperature is reduced. 
In multistage compressor, the isothermal compres- 
sion is achieved by 
(a) employing intercooler 
(b) by constantly cooling the cylinder 
(c) by running compressor at very slow speed 
(d) by insulating the cylinder 
(e) none of the above. 
Reciprocating air compressor is best suited for 
(a) large quantity of air at high pressure 
(b) small quantity of air at high pressure 
(c) small quantity of air at low pressure 
(d) large quantity of air at low pressure 
(e) any one of the above. 
Rotary compressor is best suited for 
(a) large quantity of air at high pressure 
(b) small quantity of air at high pressure 
(c) small quantity of air at low pressure 
(d) large quantity of air at low pressure 
(e) any one of the above. 
The capacity of compressor will be highest when its 
intake temperature is 
(a) lowest 
(c) anything 
(e) none of the above. 
After-cooler is used to 
(a) cool the air . 
(b) decrease the delivery temperature a 
handling 
(c) cause moisture and oil vapour to drop out 
(d) reduce volume 
(e) increase pressure. 
To avoid moisture troubles, the compres 
line should 
(a) rise gradually towards the point of use 
(6) drop gradually towards the point of use 
(c) be laid vertically 
(d) be laid exactly horizontally 
(e) none of the above. 
Separators in compressor 
(a) before intercooler 
(c) after receiver 


(b) highest 
(d) atmospheric 


sed air main 


installations are located 
(b) after intercooler 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 





(d) between after-cooler and air receiver 
(e) before suction. 


The area of actual indicator diagram on an air com- 
pressor as compared to area of ideal indicator dia- 
gram is 
(a) less 
(c) same 
(d) more/less depending on compressor capacity 
(e) unpredictable. 


An air compressor may be controlled by 
(a) throttle control (b) clearance control 
(c) blow-off control (d) any one of the above 
(e) none of the above. 
The compressor efficiency is the 
(a) isothermal H.P/indicated H.P. 
(b) isothermal H.P./shaft H.P. 
(c) total output/air input 
(d) compression work/motor input 
(e) none of the above. 
To avoid moisture troubles, the branch connections 
from compressed air lines should be taken from 
(a) top side of main (b) bottom side of main 
(c) left side of main (d) right side of main 
(e) any location. 
The thrust on the rotor in a centrifugal compressor 
is produced by 
(a) radial component (b) axial component 
(c) tangential component (d) resultant component 
(e) all of the above. 
The compressor performance at higher altitude com- 
pared to sea level will be 
(a) same 
(c) lower 
(d) dependent on other factors 
(e) none of the above. 
A compressor at high altitude will draw 
(a) more power (b) less power 
(c) same power 
(d) more/less power depending on other factors 
(e) none of the above. 
During peak load periods, the best method of con- 
trolling compressors 1S 
(a) start-stop motor 
(b) constant speed unloader 
(c) relief valve 
(d) variable speed 
(e) none of the above. 
A centrifugal compressor works on the principle of 
(a) conversion of pressure energy into kinetic 
energy 
(b) conversion 0 
energy 
(c) centripetal action 
(d) generating pressure directly 
(e) combination of (a) and (d). 


(6) more 


(b) higher 


f kinetic energy into pressure 
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62. For a compressor, least work will be do 


63. Degree of reaction of the turbo compress 





ne if the com- 


pression is 

(a) isentropic 

(b) isothermal 

(c) polytropic 

(d) somewhere 
thermal 

(e) none of the above. 


in between isentropic and 180- 


or is defined 


as 


enthalpy increase in rotor 
(a) enthalpy increase of the stage 


enthalpy increase of the stage 
) enthalpy increase in rotor 


enthalpy drop of the stage 


(c) enthalpy drop in rotor 


enthalpy drop in rotor 
(d) enthalpy drop of the stage 


(e) there is nothing like degree of reaction of a 
turbo-compressor. 


64. Best intercooler pressure p, for minimum work in 


compressor operating between limits p, and p, is 
given by 





Pi + P 
(a) p, = = (b) p, = ¥P1Ps 
1 1 
E E (d) p, = > 3 
P2 Pi P3 2 


(e) none of the above. 


65. The ratio of diameters of l.p. cylinder to h.p. cylin- 


der with complete intercooling is equal to 


(a) 2 (b) P2 
P2 Pı 


(c) |22 (d) |PL 
Pı p2 
2 
(e) (2) 
Pı 


66. High capacity reciprocating compressor is one whose 


output is more than 
(a) 1 m?/ sec 

(c) 10 m?/ sec 

(e) 100 mĉ/sec. 


(b) 5 m/sec 
(d) 14 m/sec 


67. In a compressor, free air delivered is the actual vol- 


ume delivered at the stated pressure reduced to 
(a) N.T.P. conditions 
(b) intake temperature and pressure conditions 
(c) 0°C and 1 kg/cm? (d) 20°C and 1 kg/cm? 
(e) none of the above. 


68. The volumetric efficiency of a compressor is calcu- 


lated on the basis of 
(a) volume of air inhaled at working conditions 


69. 


70. 


71. 


72. 


73. 


T4. 


75. 


76. 
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(b) volume of air inhaled at N.T.P. conditions 

(c) volume at 0°C and 1 kg/cm? 

(d) volume at 20°C and 1 kg/cm? 

(e) none of the above. 

The volumetric efficiency of a compressor fall, 
roughly as follows for every 100 m increase in eleva 


tion 


(a) 0.1% (b) 0.5% 
(c) 1.0% (d) 5% 
(e) 10%. 


For slow-speed large capacity compressor, following 
type of valve will be best suited 


(a) poppet valve 

(b) mechanical valve of the corliss, sleeve, rotary or 
semirotary type 

(c) disc or feather type 

(d) any of the above 

(e) none of the above. 

During base load operation, the best method of con- 

trolling compressor is 

(a) start-stop motor 

(b) constant speed unloader 

(c) relief valve (d) variable speed 

(e) none of the above. 

More than one stage will be preferred for reciprocat- 

ing compressor if the delivery pressure is more than 

(a) 2 kg/cm? (b) 5.6 kg/cm? 

(c) 10 kg/cm? (d) 14.7 kg/cm? 

(e) none of the above. 

The advantage of multistage compression over single 

stage compression is 

(a)lower power consumption per unit of air 
delivered 

(b) higher volumetric efficiency 

(c) decreased discharge temperature 

(d) moisture free air (e) all of the above. 

Pick up the wrong statement about advantages of 

multistage compression 

(a) better lubrication is possible advantages of 
multistage 

(b) more loss of air due to leakage past the cylinder 

(c) mechanical balance is better 

(d) air can be cooled perfectly in between 

(e) more uniform torque, light cylinder and saving 
in work. 

As the value of index ‘n’ is decreased, the volumetrie 

efficiency will 

(a) increase 

(c) remain unaffected 

(d) may increase/decrease depending on compress" 
clearance 

(e) none of the above. 

The ratio of outlet whirl velocity to blade velocity 

case of centrifugal compressor is called 

(a) slip factor (b) velocity factor 

(c) velocity coefficient (d) blade effectiveness 

(e) degree of reaction. 


(b) decrease 


jp 
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Which curve in Fig. below represents actual curve 
' between BHP versus intake pressure for a 
compressor ? 


A 
f 






BHP 
B 
A Pa x 
KV 
Intake pressure 

(a) curve A (b) curve B 
(c) curve C (d) curve D 
(e) curve E. 


78, For high-pressure compressors, following type of 


valve will be best suited 

(a) poppet valve 

(b) mechanical valve of the corliss, sleeve, rotary or 
semirotary type 

(c) disc or feather type 

(e) none of the above. 


(d) any of the above 


19. Losses in a centrifugal compressor are due to 


(a) inlet losses 
(b) impeller channel losses 


(c) diffuser losses (d) all of the above 
(e) none of the above. 


80. The volumetric efficiency of a compressor falls 


8 





roughly as follows for every 5°C increase in atmo- 
spheric temperature 


(a) 0.1% (b) 0.5% 
(c) 1% (d) 5% 
(e) 10%. 


l. The indicated work per unit mass of air delivered is 


(a) 
(b) 


directly proportional to clearance volume 
greatly affected by clearance volume 

(c) not affected by clearance volume 
(d) inversely proportional to clearance volume 
le) none of the above. 
' An increase in speed of centrifugal compressor for a 
Siven Pressure ratio would result in 
$ increase of flow and increase in efficiency (n) 
( eee fo flow and increase in n 
crease of flow and decrease in n 

: “crease of flow and decrease in n 

none of the above. 


| Sie indicator diagram shown in Fig. below obtained 
a compressor shows that 


Normal 


®) Sucti i 
action valve or piston rings, or both are leaking 


84. 


85. 


86. 


87. 





195 


(b) discharge valve is leaking into cylinder during 
compression stroke 


(c) slow opening suction valve 


(d) suction valve sticking open at beginning of 
compression stroke 


(e) suction is depressed by friction in valves. 


The indicator diagram shown in Fig. below obtained 
on a compressor shows that 





(a) suction valve or piston rings, or both are leaking 

(b) discharge valve is leaking into cylinder during 
compression stroke 

(c) slow opening suction valve 

(d) suction valve sticking open at beginning of 
compression stroke 

(e) suction is depressed by friction in valve. 

Optimum performance of axial flow compressor is 

obtained at 

(a) low speed and high flow 

(b) low speed and low flow 

(c) high speed and low flow 

(d) high speed and high flow 

(e) none of the above. 


The indicator diagram shown in Fig. below obtained 
on a compressor shows that 


(a) suction valve or piston rings, or both are leaking 
(b) discharge valve is leaking into cylinder during 
compression stroke 


(c) slow opening suction valve 


(d) suction valve sticking open at beginning of 
compression stroke 


(e) suction is depressed by friction in valve. 


The indicator diagram shown in Fig. below obtained 
on a compressor shows that 





(a) suction valve or piston rings, or both are leaking 

(b) discharge valve is leaking into cylinder during 
compression stroke 

(c) slow opening suction valve 

(d) suction valve sticking open at beginning of 
compression stroke 


(e) suction is depressed by friction in valve. 
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90. 


91. 


92. 


93. 


94. 


95. 


96. 


For high speed compressors, following type of valve 
will be best suited 


(a) poppet valve 
(b) mechanical valve of the corliss, sleeve, rotary or 
semirotary type 
(c) disc or feather type 

(d) any of the above 
(e) none of the above. 


For actual single stage centrifugal compressor, the 
maximum pressure ratio is of the order of 


(a)1:1.2 (6)1:2 
(c)1:4 (d) 1:10 
(e) 1:15. 


Which is false statement about advantages of multi- 


stage compressor in comparison to single stage com- 
pressor ? 


(a) less power requirement 

(b) better mechanical balance 

(c) less loss of air due to leakage past the cylinder 
(d) more effective lubrication 

(e) lower volumetric efficiency. 


The ratio of isentropic work to Euler work is known 
as 


(a) pressure coefficient 
(c) polytropic reaction 
(e) compressor efficiency. 


(b) work coefficient 
(d) slip factor 


The criterion of the thermodynamic efficiency for 
rotary compressor is 


(a) isentropic compression 

(b) isothermal compression 

(c) polytropic compression 

(d) any one of the above (e) none of the above. 


For supplying intermittent small quantity of air at 


high pressure, following compressor is best suited 
(a) centrifugal 


(c) axial 
(e) turbo jet. 


(b) reciprocating 
(d) screw 


For minimum work in multistage compression, as- 
suming same index of compression in all stages 

(a) work done in first Stage should be more 

(6) work done in subsequent Stages should increase 
(c) work done in subsequent stages should decrease 
(d) work done in all stages should be equal 

(e) work done in any stage is no criterion for 

minimum work but depends on other factors. 


For a two stage compressor, if index of compression 


for higher stage is greater than index of co 
sion for lower stage, then the o 


compared to ideal case will 
(a) increase 

(c) remain unaffected 
(e) unpredictable. 


y mpres- 
ptimum pressure as 


(b) decrease 


(d) other factors control it 


Diffuser in a compressor is used to 
(a) increase velocity 





97. 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


MECHANICAL ENGINEERING | 
(b) make the flow stream-line | 3 
(c) convert pressure energy into kinetic energy 
(d) convert kinetic energy into pressure energy 

(e) increase degree of reaction. 

If n, and n, are the indices of compression for firs 
and second stage of compression then load shared in 
two stages (as ratio of 1st stage to 2nd stage) With 
perfect intercooling will be expressed as 





n ng 
(a) “a D n, 

n(n- D n(n -m) 
(c) n(m — 1) (a) na(n; — 1) 


(e) none of the above. 

The ratio of isentropic work to euler’s work is known 

as 

(a) compressor efficiency (b) isentropic efficiency 

(c) Euler’s efficiency (d) pressure coefficient 

(e) pressure ratio. 

The thermodynamic efficiency of rotary compressor 

is based on 

(a) isothermal compression 

(b) adiabatic compression 

(c) isentropic compression 

(d) polytropic compression 

(e) none of the above. 

Phenomenon of choking in compressor means 

(a) no flow of air 

(b) fixed mass flow rate regardless of pressure ratio 

(c)reducing mass flow rate with increase i 
pressure ratio 


(d) increased inclination of chord with air steam 
(e) does not occur. 


The maximum compression ratio in an actual single 


stage axial flow compressor is of the order of 
(a) 1:1.2 (b) 1:2 


(c)1:5 (d) 1:10 
(2) 1 = Tb: 


. i S- 
Maximum delivery pressure is a rotary alr compre 
sor 1s of the order of 


(a) 6 kg/cm? (b) 10 kg/cm? 
(c) 16 kg/cm? (d) 25 kg/cm? 
(e) 40 kg/cm?. 


Surging is the phenomenon of 

(a) air stream blocking the passage 

(6) motion of air at sonic velocity 

(c) unsteady, periodic and reversed flow 


(d) air stream not able to follow the blade conto" 
(e) production of no air pressure. 


Pick up wrong statement. 


. gof 
Surging phenomenon in centrifugal compre’ 
depends on 


(a) mass flow rate 


(b) pressure ratio 
(c) change in load 


(d) stagnation pressure at the outlet 
(e) all of the above. 
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of the increase in pressure in rotor blades 
crease in pressure in the stage is called 

e ratio (b) pressure coefficient 
(d) slip factor 





ratio 
105. i tal in 
(a) pressu" , 
(c) degree of reaction 
(e) stage factor. 
Axial flow compressor resembles 
d centrifugal pump (b) reciprocating pump 
(c) turbine 
(d) sliding vane compressor 
(e) none of the above. 
Axial flow compressor has the following advantage 
over centrifugal compressor 
(a) larger air handling ability per unit frontal area 
(b) higher pressure ratio per stage 
(c) aerofoil blades are used 
(d) higher average velocities 
(e) none of the above. 
108. Actual compression curve is 
(a)same as isothermal (b) same as adiabatic 
(c) better than isothermal and adiabatic 
(d) in between isothermal and adiabatic 
(e) none of the above. 
109. Atmospheric pressure is 1.03 kg/cm? and vapour 
pressure is 0.03 kg/cm”. The air pressure will be 


107. 


(a) 1.03 kg/cm? (b) 1.06 kg/cm? 
(c) 1.00 kg/cm? (d) 0.53 kg/cm? 
(e) 0.5 kg/cm?. 


110. The pressure ratio of an ideal vaned compressor with 
increase in mass flow rate 
(a) increases (b) decreases 
(c) remains constant 
(d) first decreases and then increases 
(e) unpredictable. 
1i, Rotary compressors are suitable for 
(a) large discharge at high pressure 
(6) low discharge at high pressure 
(c) large discharge at low pressure 
(d) low discharge at low pressure 
(e) there is no such limitation. 7 
H volumetric efficiency of compressor with increase 
compression ratio will 
a) increase 
c) remain same 
d) may increase/decrease depending 0 
volume 
e) none of the above. 
` Stalling of blades in axial flow compress? 
“nomenon of 
p air Stream blocking the passage 
i i of air at sonic velocity 
steady periodic and reversed flow 
e ar stream not able to follow the blade contour 
U4, p; Production of no air pressure. 


(b) decrease 


n clearance 


r is the 


Up the 
(a) ne wrong statement l 
oontrifuga] compressors deliver practically, 
onstant pressure over a considerable range 


115. 


116. 


117. 


118. 


119. 


120. 


121. 


122. 
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(b) Axial flow compressors have a substantially 
constant delivery at variable pressures 

(c) centrifugal compressors have a wider stable 
operating range than axial flow compressors 

(d) axial flow compressors are bigger in diameter 
compared to centrifugal type 

(e) axial flow compressors apt to be longer as 
compared to centrifugal type. 

The work ratio of a gas turbine plant is defined as 

the ratio of 

(a) net work output and heat supplied 

(b) net work output and work done by turbine 

(c) actual heat drop and isentropic heat drop 

(d) net work output and isentropic heat drop 

(e) isentropic increase/drop in temperature and 
actual increase/ drop in temperature. 


Gas turbine works on 

(a) Brayton or Atkinson cycle 

(b) Carnot cycle 

(c) Rankine cycle 

(d) Erricsson cycle 

(e) Joule cycle. 

The work ratio of simple gas turbine cycle depends 
on 

(a) pressure ratio 

(b) maximum cycle temperature 

(c) minimum cycle temperature 

(d) all of the above 

(e) none of the above. 

The pressure ratio for an open cycle gas turbine com- 


pared to closed cycle gas turbine of same h.p. is 


(a) low (b) high 


(c) same 

(d) low/high depending on make and type 

(e) unpredictable. 

Open cycle gas turbine works on 

(a) Brayton or Atkinson cycle 

(b) Rankine cycle (c) Carnot cycle 

(d) Erricsson cycle (e) Joule cycle. 

The fuel consumption in gas turbines is accounted 
for by 

(a) lower heating value (b) higher heating value 
(c) heating value (d) higher calorific value 
(e) highest calorific value. 

Gas turbines for power generation are normally used 
(a) to supply base load requirements 

(b) to supply peak load requirements 

(c) to enable start thermal power plant 


(d) in emergency 
(e) when other sources 0 
Mechanical efficiency of ga 


to I.C. engines 15 


f power fail. 
s turbines as compared 


(a) higher (b) lower 
me 
ne “epénids on other considerations 


(e) unpredictable. 
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125. 


126. 


The ratio of specific weight/h.p. of gas turbine and 


I.C. engines may be typically of the order of 
( 


(a) 1:1 By 2 34 
(c) 4:1 (d)1:2 
(e) 1:6. 


The thermal efficiency of a gas turbine as compared 


to a diesel plant is 


(a) same (b) more 
(c) less 
_ (d) depends on other factors 
(e) unpredictable. 
The air-fuel ratio in gas turbines is of the order of 
(a) 7:1 (b) 15:1 
(c) 30:1 (d) 40:1 
(e) 50:1. 
The pressure ratio in gas turbines is of the order of 
(a) 2:1 (b) 4:1 
(c)6:1 (d)9:1 
(e) 12:1. 


127. 


128. 


129. 


Fig. below shows the three curves for gas turbines 
between thermal efficiency and pressure ratio using 
three different working fluids, viz. monoatomic gas, 
diatomic gas and triatomic gas. These three gases in 


order are 


A B C 

l f 

a 

O 

T 

(b) 

T 

E 

® 

£ 

Pressure ratio —> 

(a) A, B,C (b) A, C,B 
(c)B,C,A (d) B, A, C 
(e) C, A, B. 


The hottest point in a gas turbine is 
(a) at the base (b) at the tip 
(c) in the center 


(d) between + to 4 of the blade height 


(e) uniformly heated. 

The following is true for an open cycle gas turbine 

having exhaust heat exchanger. Atmospheric air 

before entering the compressor is 

(a) heated 

(b) compressed air before entering the combustion 
chamber is heated 

(c) bled gas from turbine is heated and readmitted 
for complete expansion 

(d) exhaust gases drive the compressor 

(e) part of exhaust gases are heated and mixed up 
with atmospheric air to utilise exhaust heat. 


130. Gas turbine blades are given a rake 


(a) equal to zero 


131. 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


ALL A did 
= TUNITY 
` y 





on of motion of blades 

(c) opposite to the direction of motion of bladeg 
(d) depending on the velocity 

(e) none of the above. 
Efficiency of gas turbine is increased by 

(a) reheating (b) intercooling 
(c) adding a regenerator (d) all of the above 


(e) none of the above. 
ature of gases at end of compression as coy 


(b) in the directi 


Temper ; ress 
pared to exhaust gases 1n a gas turbine is 

(a) higher (b) lower 

(c) equal (d) can’t be compared 


(e) unpredictable. 
The ideal efficiency of simple gas turbine cycle de 


pends on 

(a) pressure ratio 

(b) maximum cycle temperature 

(c) minimum cycle temperature 

(d) all of the above 

(e) none of the above. 

The thermal efficiency of a simple gas turbine fora 
given turbine inlet temperature with increase in 
pressure ratio 

(a) increases (b) decreases 

(c) first increases and then decreases 

(d) first decreases and then increases 

(e) remains same. 

Gas turbines use following type of air compressor 
(a) centrifugal type (b) reciprocating type 
(c) lobe type (d) axial flow type 

(e) none of the above. 

As the turbine inlet temperature increases, the ther- 
mal efficiency of gas turbine for the optimum pres 
sure ratio 

(a) increases 

(c) remains same 
(d) first increases and then decreases 

(e) first decreases and then increases. 

There is a certain pressure ratio (optimum) for aga 
turbine at which its thermal efficiency is maxim f 
With increase in turbine temperature, the value ° 
pressure ratio for the peak efficiency woul 

(a) remain same (b) decrease 

(d) unpredictable 


(b) decreases 


(c) increase 

(e) none of the above. 
The material commonly used for a 
bine is 

(a) stainless steel 
(c) duralumin 

(d) Timken, Haste and Inconel alloys 

(e) titanium. if 
It is not possible to use closed gas turbine €Y cle 
aeronautical engines because 

(a) it is inefficient (b) it is bulky 

(c) it requires cooling water for its operation 


f 
ir craft gas " 


(b) high alloy steel 


à 
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igh temperatures involved 
(d) of high 148. . 
is shel Gg e eiren 8. The closed cycle in gas turbines 
e (a) provides greater flexibility 
(b) provides lesser flexibility 
(c) in never used 


40. The combustion efficiency of a gas turbine using per- 
i fect combustion chamber is of the order of 


(a) 50% (0) 75% (d) is used when gas is to be burnt 
(c) 85% (d) 90% (e) none of the above. 
(e) 99%. l 149. In the axial flow gas turbine, the work ratio is the 
141. The maximum combustion pressure in gas turbine ratio of 
as compared to I.C. engine is (a) compressor work and turbine work 
(a) more (6) less (b) output and input 
(c) same (c) actual total head temperature drop to the 
(d) depends on other factors isentropic total head drop from total head inlet 
(e) unpredictable. to static head outlet 
142. For an irreversible gas turbine cycle, the efficiency (dq) actual compressor work and theoretical 
and work ratio both depend on compressor work 
(a) pressure ratio alone (e) none of the above. 
(b) maximum cycle temperature alone 150. The degree of reaction of an axial flow turbine is the 
(c) minimum cycle temperature alone ratio of isentropic temperature drop in a blade row 
(d)both pressure ratio and maximum cycle to the 
temperature (a) adiabatic temperature drop in the stage 
(e) none of the above. (b) total temperature drop 
143. Producer gas is produced by (c) total temp a ature drop in the stage 
(a) carbonisation of coal (d) total adiabatic temperature drop 


(e) difference of maximum and minimum 


b ing st i k 
(b) passing steam over incandescent coke temperature in the cycle. 


(c) passi j dal t of st 
) Ain ae eae AG ee ee 151. If U, Vand V, represent the absolute velocity of fluid, 


velocity of blade, and relative velocity of fluid, and 
suffix į and o stand for entry and exit conditions, 
then impulse effect is equal to 


(d) partial combustion of coal, coke, anthracite coal 
or charcoal in a mixed air steam blast 
(e) same way as the natural gas. 


2 2 2 
144. Water gas is produced by (a) Vi -Vo (b) Uf -U; 
(a) carbonisation of coal ee > mi , 
(b) passing steam over incandescent coke (c) Vi — Upo (d) V -V; 
(c) passing air and a large amount of steam over 22. 
waste coal at about 65°C 2_ 72 
(d) partial combustion of coal, cake, anthracite coal (e) ++. 


or charcoal in a mixed air steam blast 
(e) same way as the natural gas. 
145. Water is injected in gas turbine cycle to 
(a) control temperature 


152. Number of stages in any gas turbine is equal to 
(a) total heat drop in turbine + heat drop in a stage 
(b) total expansion + expansion in a stage 
(c) total temperature drop + temperature drop in a 


(b) control output of turbine stage 

(e) control fire hazards (d) total compression ratio + compression ratio for a 
| i (d) increase efficiency (e) it is never done. stage 
| 46. A gas turbine used in air craft should have (e) pings Ob HES above: 
| (a) high h.p. and low weight 153. If infinite number of heaters be used in a gas tur- 
i (b) low weight and small frontal area bine, then expansion process in turbine approaches 
| (c) small frontal area and high h.p. ices aoao 
(d) high , (c) adiabatic (d) isochoric 
l gh speed and high h.p. (e) isobaric. 


(e) all of the above. 


| > fu, V and V represent the absolute velocity of nur: 
velocity of blade, and relative velocity of fluid, an 

l th x i and o stand for entry and exit conditions, 
i e 


i ( 1% following is true for axial compressor 


154. Pick up the correct statement 
(a) gas turbine uses low air-fuel ratio to economise 
on fuel 
(b) gas turbine uses high air-fuel ratio to reduce 
outgoing temperature 







x ee. (6) U; =U, (c) gas turbine uses low air-fuel ratio to develop the 
: Vr = Vio (d) U; < U, high thrust required 
o iz U,. (d) all of the above (e) none of the above. 
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155. Intercooling in gas turbine results in 

(a) increase in net output but decrease in thermal 
efficiency l 

(b) increase in thermal efficiency but decrease 1n 
net output 

(c) increase in both thermal efficiency and net 
output 

(d) decrease in both thermal efficiency and net 
output 

(e) none of the above. 

156. If V, U and V represent the absolute velocity of fluid, 

velocity of blade, and relative velocity of fluid, and 

suffix i and o stand for entry and exit conditions, 

then in a rotary machine whose degree of reaction is 


unity 

(a) V: = V, (b) V,>V, 
(e) U; < V, (d) U, =U, 
(e) Vai = Vro 


157. Pick up the wrong statement 
(a) large gas turbines 
compressors 
(b) axial flow compressors are more stable than 
centrifugal type compressors but not as efficient 
(c) axial flow compressors have high capacity and 
efficiency 
(d) axial flow compressors have instability region of 
operation 
(e) centrifugal compressors are used mainly on low 
flow pressure ratio gas turbines. 
158. The power available for take off and climb in case of 
turbojet engine as compared to reciprocating engine 


employ axial flow 


is 

(a) less (b) more 

(c) same 

(d) may be less or more depending on ambient 


conditions 
(e) unpredictable. 
159. Pick up the correct statement 
(a) large gas turbines use radial inflow turbines 
(b) gas turbines have their blades similar to steam 
turbine 
(c) gas turbine’s blade will appear as impulse 
section at the hub and as a reaction section at tip 
(d) gas turbines use both air and liquid cooling 
(e) all of the above are correct. 
160. A closed gas turbine in which fuel is burnt directly 
in the air is not possible because of 
(a) high pressure ratio 
(b) increasing gas temperature 
(c) high specific volume 
(d) high friction losses 
(e) paucity of O,. 
161. Choose the correct statement 
(a) gas turbine requires lot of cooling water 


(6) gas turbine is capable of rapid start up and 
loading 


(c) gas turbines have flat efficiency at part loads 


FJ = raed 
- 


MECHANICAL ENGINE ooa 
R 


(d) gas turbines have high standby logge, i i 
require lot of maintenance nd 
(e) gas turbines can be used to generate power ; 
162. Ram compression in turbojet involves 
(a) reduction of speed of incoming air , 
conversion of part of it into pressure energy 
(b) compression of inlet air 
(c) increasing speed of incoming air 
(d) lost work 
(e) leakage losses. 
163. In gas turbines, high thermal efficiency is obtainej 
in 
(a) closed cycle 
(c) both of the above 
(d) closed/open depending on other considerations 
(e) unpredictable. 
164. In the cross compounding of the gas turbine plant 
(a) h.p. compressor is connected to h.p. turbine and 
l.p. compressor to l.p. turbine 
(b) h.p. compressor is connected to l.p. turbine and 
l.p. compressor is connected to h.p. turbine 
(c) both the arrangements can be employed 
(d) all are connected in series 
(e) none of the above. 


nly, 


(b) open cycle 


165. A jet engine works on the principle of conservation 


of 
(a) mass (b) energy 
(c) flow (d) linear momentum 


(e) angular momentum. 
166. In jet engines, for the efficient production of larg? 
power, fuel is burnt in an atmosphere of 
(a) vacuum (b) atmospheric air 
(c) compressed air (d) oxygen alone 
(e) liquid hydrogen. | 
Which of the following fuels can be used in turbojet 
engines ? 
(a) liquid hydrogen 
(c) kerosene 
(e) methyl alcohol 
168. Turbo propeller has the following additional feat” 
over the turbojet 
(a) propeller 
(c) intercooler 
(d) turbine and combustion chamber 
(e) starting engine. 
169. Propulsive efficiency is defined as ratio of 
(a) thrust power and fuel energy 
(b) engine output and propulsive power 
(c) propulsive power and fuel input 
(d) thrust power and propulsive power 
(e) none of the above. 
170. In jet engines, paraffin is usually used as the 
because of its 
(a) high calorific value 
(c) low freezing point 
(e) none of the above. 


167 


(6) high speed diesel oil 
(d) demethylated spirit 


(b) diffuser 


fuel 


(b) ease of atomisatio® 
(d) (a) and (c) above 


h 
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171. A rocket engine for the combustion of its fuel 
(a) carries its own oxygen 
(b) uses surrounding air 
(c) uses compressed atmospheric air 
(d) does not require oxygen 
(e) depends on electrical energy supplied by solar 
cells. 
172. A rocket works with maximum overall efficiency 
when air craft velocity is equal to the 
(a) jet velocity 
(c) half the jet velocity 
(d) average of the jet velocity 
(e) no such co-relationship with jet velocity exists. 


173. Propulsion efficiency of the following order is ob- 
tained in practice 


(b) twice the jet velocity 


(a) 34% (b) 50% 
(c) 60% (d) 72% 
(e) 85%. 


174, The maximum propulsion efficiency of a turbojet is 
attained at around following speed 


(a) 550 km/hr (b) 1050 km/hr 
(c) 1700 km/hr (d) 2400 km /hr 
(e) 4000 km/hr. 


175. In jet propulsion power unit, the inlet duct of diverg- 
ing shape is used in order to 
(a) collect more air 
(b) convert kinetic energy of air into pressure 
energy 
(c) provide robust structure 
(d) beautify the shape 
(e) none of the above. 
176. In jet engines the products of combustion after pass- 
ing through the gas turbine are discharged into 
(a) atmosphere | 
(b) back to the compressor 
(c) discharge nozzle (d) vacuum 
(e) none of the above. 
177. The air entry velocity in a rocket as compared to air- 


craft is 
(a) same (b) more 
(c) less (d) zero 


(e) dependent on power and speed. 
178. The propulsive power of the rocket is given by 


2 2 
CELA; Y-a. 
_ yy (V2 — VŽ) 
(c) (Vi E (d) ps8 aes A 3 2 
2 
(e) ui 
2g 


where, V, =Jjet velocity and V, = aircraft velocity 
179. The overall efficiency of a rocket is maximum when 

aircraft velocity compared to jet velocity is 

(a) same (b) half 

(c) double (d) two-third 

(e) one-fourth. 


P 


180. In order to increase thermal efficiency of aircraft jet 
engines, use is made of 
(a) regeneration 
(c) intercooler 
(d) high temperature and pressure 
(e) all of the above. 


181. Aircraft units employ following type of gas turbine 
(a) closed (b) semi-closed 
(c) open (d) any one of the above 
(e) all of the above. 


182. Choose the wrong statement 

(a)open type gas turbine can be designed for 
operation without cooling water 

(b) closed type gas turbine has constant efficiency 
over a wide load range 

(c)open type gas turbine requires a charging 
compressor to provide the necessary air for 
combustion 


(b) reheating 


(d) major disadvantage of semi-closed type gas 
turbine is the corrosion and fouling problems 
due to recirculation of the products of 
combustion 

(e) high absolute pressure and density of working 
fluid in closed type gas turbines reduce the size 
of plant. 

183. The weight per horse power ratio for gas turbine as 
compared to I.C. engine and steam turbine is 

(a) same (6) higher 

(c) lower (d) uncomparable 

(e) unpredictable. 


184, Fighter bombers use following type of engine 
(a) turbo-jet (b) turbo-propeller 
(c) rocket (d) ram-jet 
(e) pulso-jet. 
185. Pick up the wrong statement 
(a) pulso-jet requires no ambient air for propulsion 
(b) ram jet engine has no turbine 
(c) turbine drives compressor in a turbo-jet 
(d) bypass turbo-jet engine increases the thrust 


without adversely affecting the propulsive 
efficiency and fuel economy 


(e) propeller is an indirect reaction device. 


186. Thrust ofa jet propulsion power unit can be increased 
by 


(a) burning fuel after gas turbine 
(b) injecting water in the compressor 
(c) injecting ammonia into the combustion chamber 
(d) all of the three above 
(e) none of the above. 
187. The blades of gas turbine are made of 
(a) mild steel (b) stainless steel 
(c) carbon steel (d) high alloy steel 
(e) high nickel alloy (neimonic). 
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188. The following property is most important for mate- 
rial used for gas turbine blade 
(a) toughness (b) fatigue 
(c) creep (d) corrosion resistance 
(e) bulk modulus. 
189. The effective power of gas turbines is increased by 
adding the following in compressor 
(a) ammonia and water vapour 
(b) carbon dioxide 
(c) nitrogen 
(e) none of the above. 
190. High air-fuel ratio is used in gas turbines 
(a) to increase the output 
(b) to increase the efficiency 
(c) to save fuel 
(d) to reduce the exit temperature 
(e) none of the above. 


191. Air-fuel ratio in a jet engine will be of the order of 


(d) hydrogen 


(a) 10:1 (b) 15:1 
(c) 20:1 (d) 60:1 
(e) 100: 1. 
192. In which case the air-fuel ratio is likely to be maxi- 
mum 


(a) 2-stroke engine (b) 4-stroke petrol engine 


(c) 4-stroke diesel engine (d) multi-cylinder engine 
(e) gas turbine. 
193. In jet engines the compression ratio 
(a) varies as square root of the speed 
(b) varies linearly to the speed 
(c) varies as square of the speed 
(d) varies as cube of the speed 
(e) is constant irrespective of variation in speed. 
194. The specific output per kg mass flow rate of a gas 
turbine (having fixed efficiencies of compressor and 


turbine and fixed higher and lower temperature) with 
increase in pressure ratio will 


(a) increase first at fast rate and then slow 
(b) increase first at slow rate and then fast 
(c) decrease continuously 


(d) first increase, 
decrease 


(e) none of the above. 
195. The working fluid in a turbine is 
(a) in two phases (b) in three phases 
(c) in a single phase 
(d) in the form of air and water mixture 
(e) gas and no air. 
196. Gas turbine cycle with regenerator 
(a) increases thermal efficiency 
(b) allows high compression ratio 
(c) decreases heat loss in exhaust 
(d) allows operation at very high altitudes 
(e) permits high moisture content fuel to be used. 


reach maximum and then 


197. 


198. 


199. 


200. 


201. 


202. 


203. 


204. 


205. 


206. 
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The compression ratio in a gas turbine is of the on 
der of 





(a) 3.5:1 (6)5:1 

(c) 8:1 (dq) 1221 

(e) 20:1. 

Reheating in multi-stage expansion gas turbine re. 


sults in 

(a) high thermal efficiency 

(b) reduction in compressor work 

(c) decrease of heat loss in exhaust 

(d) maximum work output 

(e) none of the above. 

The main purpose of reheating in gas turbine is to 
(a) increase temperature (b) reduce turbine size 
(c) increase power output (d) increase speed 

(e) increase pressure ratio. 

Reheating in gas turbine results in 

(a) increase of work ratio 

(b) decrease of thermal efficiency 

(c) decrease of work ratio 

(d) both (a) and (b) above 

(e) both (6) and (c) above. 

Work ratio of a gas turbine plant is ratio of 

(a) net work output and work done by turbine 

(b) net work output and heat supplied 

(c) work done by turbine and heat supplied 

(d) work done by turbine and net work output 

(e) actual heat drop and isentropic heat drop. 
Work ratio of a gas turbine may be improved by 
(a) decreasing the compression work 

(b) increasing the compression work 

(c) increasing the turbine work 
(d) decreasing the turbine work 
(e) (a) and (c) above. | 


Maximum temperature in a gas turbine is of the 
order of 


(a) 2500°C (6) 2000°C 
(c) 1500°C (d) 1000°C 
(e) 700°C. 


For maximum work output in a two stage expansio? 


gas turbine with perfect reheating, the intermedi- | 
ate pressure should be 
(a) P, +P, (b) P- P, 

2 2 


ee Ee ree 


PP, a 
(c) a (d) P,P, 


(e) none of the above. | 


(P, and P, are the maximum and minimum pressu? | 
of cycle) 

The gas turbine can be used with | 
(a) producer gas 

(c) coal gas 

(e) none of the above. 


| 
The specific heat of products of combustion increase” 
with increase in | 


(6) blast furnace gas | 
(d) any one of the above | 


$ 
3 


À 
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209. 


210. 


211, 


212, 


(b) temperature 


essure 
(a) Pt (d) (a) and (c) above 


q) fuel air ratio 

e) b) and (c) above. 
Which of the curves ın Fig. below shows the rela- 
tionship between specific H.P. (HP/kg/unit time) and 
cycle pressure ratio ? 







Specific H.P. —— 
Specific fuel ; 
consumption 





Cycle pressure 
ratio 


(6) curve B 
(d) curve D 


(a) curve A 

(c) curve C 

(e) none of the above. 
Which of the curves in Fig. above shows the rela- 
tionship between specific fuel consumption (kg/h.p./ 
unit time) and the cycle pressure ratio ? 

(a) curve A (b) curve B 

(c) curve C (d) curve D 

(e) none of the above. 

The values of constant pressure specific heats dur- 
ing heating and expansion in gas turbine, and adia- 
batic index of air during expansion in a gas turbine 
are taken respectively as 


(a) 0.24, 1.4 (b) 0.27, 1.33 
(c) 0.24, 1.33 (d) 0.32, 1.33 
(e) 0.27, 1.4. 


Intercooling results in 

(a) improved work ratio (b) lower work ratio 

(c) unaffected work ratio 

(d) improved work ratio initially which is lowered 
subsequently 

(e)lower work ratio initially which improves 
afterwards. 

Reheating in a gas turbine results in 

(a) improvement of work ratio 

(b) decrease of work ratio 

(c) increase of thermal efficiency 

(d) decrease thermal efficiency 

(e) increase in work ratio but decrease in thermal 
efficiency. 
8enerator in gas turbine results in 

(a) Improved thermal efficiency 
lower work ratio 

(c) higher work ratio 

(d) lower thermal efficiency 

(e) (a) and (b) above. 


213. 


214, 


215. 


216. 


217. 


218. 


219. 


220. 


221. 
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Which of the following devices is suitable for space 

travel ? 

(a) propeller 

(c) turbo jet 

(e) plasma. 

In the aircraft propulsion 

(a) the propulsive matter is caused to flow around 
the propelled body 

(b) propulsive matter is ejected from within the 
propelled body 

(c) its functioning does not depend on presence of 
air 

(d) all of the above 

(e) none of the above. 

In the aircraft propellers 

(a) the propulsive matter is caused to flow around 
the propelled body 

(b) propulsive matter is ejected from within the 
propelled body 

(c) its functioning does not depend on presence of 
air 

(d) all of the above 

(e) none of the above. 

In air breathing jet engine, the jet is formed by ex- 


(b) turbo propeller 
(d) rocket 


panding 

(a) gases (b) solids 
(c) liquid (d) plasma 
(e) highly heated atmospheric air. 
Ram-jet engine 


(a) is self-operating at zero flight speed 

(b) is not self-operating at zero flight speed 

(c) requires no air for its operation 

(d) produces a jet consisting of plasma 

(e) none of the above. 

For speed above 3000 km/hour, it is more advanta- 

geous to use 

(a) turbo-jet engine (b) ram-jet engine 

(c) propellers (d) rockets 

(e) hydraulic jet propulsion. 

A simple turbo-jet engine is basically 

(a) a propeller system 

(b) gas-turbine engine equipped with a propulsive 
nozzle and diffuser 

(c) chemical rocket engine 

(d) ram-jet engine (e) none of the above. 

Which of the following plants is smallest and light- 

est for generating a given amount of power ? 


(a) steam power plant 
(c) diesel engine 


(b) petrol engine . 
(d) solar plant (e) gas turbine plant. 

In turbofan engine, the jet velocity as compared to 
turbo-jet engine is 

(a) less (6) more 


(c) same . 
(d) may be less or more depending upo 


(e) none of the above. 


n speed 
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222. Turbofan engine employs 
(a) one air stream 
(b) two or more air streams 
(c) no air stream 
(d) solid fuel firing 
(e) rocket principle for its operation. 
Pressure ratio in gas turbines is the ratio of 
(a) compressor pressure ratio 
(b) highest pressure to exhaust pressure 
(c) inlet pressure to exhaust pressure 
(d) pressures across the turbine 
(e) none of the above. 
Pick up the false statement 
(a) gas turbine is a self-starting unit 
(b) gas turbine does not require huge quantity of 
water like steam plant 
(c) exhaust losses in gas turbine are high due to 
large mass flow rate 
(d) overall efficiency of gas turbine plant is lower 
than that of a reciprocating engine 
(e) gas turbine can be easily started and stopped 
and thus is best suited for peaking demands.- 
225. The efficiency and work ratio of a gas turbine plant 
can be increased by 
(a) using multi-stage compressor with intercooler 
(b) adding heat exchanger 
(c) injecting water in/around combustion chamber 


(d) reheating the air after partial expansion in the 
turbine 


(e) all of the above. 

Pick up the correct statement 

(a) closed cycle gas turbine is an I.C. engine 

(b) gas turbine uses same working fluid over and 
over again 

(c) air-fuel ratio in a gas turbine is 100: 1. 

(d) ideal efficiency of closed cycle gas turbine plant 
is more than carnot cycle efficiency 


(e) thrust in turbo-jet is produced by nozzle exit 
gases. 


223. 


224. 


226. 


927. The compression ratio in a jet engine varies propor- 
tional to 


(a) speed 


(b) speed? 
(c) altitude (d) ./speed 
(e) does not vary. 


The efficiency of jet engine is 
(a) higher at ground 

(b) higher at high altitudes 
(c) same at all altitudes 


(d) higher at high speed (e) lower at low speed. 


The inlet and exit velocity diagrams of a turbo-ma- 


chine rotor are shown in the given Fig. below. The 
turbomachine is 


(a) an axial compressor with backward curved 
blades 


(b) a radial compressor with backward curved 
blades 


228. 


229. 





V, / 
Vr, 
u2 


(b) 


(c) a radial compressor with forward curved blag, 
(d) an axial compressor with forward curved blade 
In air-craft gas turbines, the axial flow compress, 
is preferred because 

(a) of high pressure rise (b) it is stall free 

(c) of low frontal area (d) of higher thrust 


V, à Vr, 
u: 
(a) 


230. 


231. Which of the following diagrams correctly depict th 
behaviour of compressible fluid flow in the giva 
geometries? 

Select the correct answer using the codes given below 

ae ae 

V, —> V, V4 —> V, 

M>1 
M<1 VV, 065 
1 2 
ELL LY py, LLL 774), 
Vi V;, — V, 


V2 


ie 


M> 1 V2 <V4 M<1 Vy= Mi 
3 4 
Codes: 
(a) land 4 (b) 2 and 4 
(c) 2 and 3 (d) 1 and 3 


232. The thurst of a jet propulsion power unit cad be 
increased by 
(a) injecting water into the compressor 
(b) burning fuel after gas turbine bat 
(c) injecting ammonia into the combustion cham 
(d) all of the above , 
233. In a gas turbine cycle with two stages of reheat | 
working between maximum pressure Pp, a? r 


ue 
mum pressure P,, the optimum reheat pres 
would be 


(a) (P ,P,)"? and (P,P,)*" 

(b) (P,? P) and (PoP ey 

(c) JP, P, and P, yP, 

(d) (P Pom and (P Pp” io | 
234. If the maximum temperature is T; and ™ o rat" | 


temperature is T, then the optimum pressu 
in a gas turbine is given by 


Y 
Ta \y-1 
(a)r = 23 
P (2) 


Y 
T3 2(y - 1) 
(c) To = (2) 


1 


y-1 


T, CA 
on -8 


— 1) 
zyz? 


T. Y 
arz) 
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236. 


237. 


238. 


Which of the following are the reasons for the volu- 
metric efficiency of reciprocating compressor b 
less than 100%? 


1. Deviations from isentropic process. 

9 Pressure drop across the valves. 

3 Superheating in compressor. 

4. Clearance volume. 

5. Deviations from isothermal process. 

6. Leakages. | 

Select the correct answer from the codes given below : 
Codes : 

(a) 1, 2,3 and 5 (b) 2,3,4and5 

(c) 1, 4, 5 and 6 (d) 2,3, 4 and 6. 


The following Fig. below shows the propulsive effi- 
ciencies of three different engines. Based on this fig- 
ure, match List I with List II and select the correct 
answer using the codes given below the Lists: 


eing 


III II 


Propulsive efficiency 


kmph 
List I 
A. Rocket 
B. Turboject 
C. Propeller 
Codes: A 
(a) 1 
(b) 2 
(c) 1 
3 


List II 
1. Curve I 
2. Curve II 
3. Curve III 


(d) 
Iftwo geometrically similar impellers of a centrifugal 
compressor are operated at the same speed, then 
their head, discharge and power will vary with their 
diameter ratio ‘d’ as 

(a) d, d? and d? respectively 

(b) d?, d? and d5 respectively. 

(c) d, d? and dî respectively. 

(d) d?, d and d’ respectively. 

Which one of the following velocity triangles repre- 
sents the one at the exit of a radial impeller with 
forward curved blades? 
(u, = peripheral velocity, V3 = absolute velocity, 
W, = relative velocity). 


Boren & 
vunu © 


Us U2 
V3 V2 
° as j É 
U, u2 
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239. A large clearance volume in a reciprocating compres- 


240. 


241. 


242. 


243. 


244. 


245. 


sor results in 

(a) reduced volume flow rate 

(b) increased volume flow rate 

(c) lower suction pressure 

(d) lower delivery pressure. 

In a reciprocating air compressor the compression 

work per kg of air. 

(a) increases as clearance volume increases 

(b) decreases as clearance volume increases 

(c) is independent of clearance volume 

(d) increases with clearance volume only for 
multistage compressor. 

In a centrifugal compressor assuming the same over- 

all dimensions, blade inlet angle and rotational 

speeds, which of the following bladings will give the 

maximum pressure rise ? 

(a) Forward curved blades 

(b) Backward curved blades 

(c) Radial blades 

(d) All three types of bladings have the same 
pressure rise. 

The curve in the given Fig. below shows the varia- 

tion of theoretical pressure ratio with mass of flow 

rate for a compressor running at a constant speed. 





Pressure ratio —== 


Mass flow —— 


The permissible operating range of the compressor 
is represented by the part of the curve from 
(a) A to B (b) B toC 
(c) B to D (d) D to E 
In a centrifugal compressor, the highest Mach num- 
ber leading to shockwave in the fluid flow occurs at 
(a) diffuser inlet radius 
(b) diffuser outlet radius 
(c) impeller inlet radius 
(d) impeller outer radius. 
Given : Vw, = velocity of whirl at outlet 

u, = peripheral velocity of the blade tips 
The degree of reaction in a centrifugal compressor is 
equal to 








Vw _ uo 
(a) 1- A (b) 1 Vw, 
(c) 1— 2Vw9 (d) 1— Vw» 


Match List-I with List-II (partaining to blower per- 
formance) and select the correct answer using the 


codes given below the Lists: 
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A 3-stage reciprocating compressor has suction 


List-I 


List-II | 249. sure of 1 bar and delivery pressure of 27 bar, p 
A. Slip 1. Reduction of whirl minimum work of compression, the delivery Pressun 
velocity of 1st stage is 
B. Stall 2. Fixed mass flow rate (a) 14 bar (b) 9 bar 
regardless of pressure (c) 5.196 bar (d) 3 bar. 
ratio 250. Ifthe static temperature ey plage rotor and Stato 
C. Choki 3. Flow separation respectively are AT\, and A p the degree of Teactio, 
iii 4. Flow area reduction in an axial flow compressor is given by : 
, AT 
(a) 4 3 2 ATp sae + ATR 
y ; : á co 2e a22, 
(c) j 1 3 AT? AT. AT, 
(d) 2 3 4 


251. What is the maximum efficiency of a propeller if the 
air speed of plane is 300 km/hr and the air streay, 
velocity leaving the propeller is 400 km/hr. 
(a) 80% (6) 85.5% 
(c) 87.5% (d) 92.5% 
. Air compressors in gas turbine plants are protected 
against surging. Surging refers to 
(a) sudden decrease of discharge flow because of too 
much high discharge pressure. 
(6) sudden increase of discharge flow because of too 


246. A four-stage compressor with perfect intercooling 
between stages, compresses air from 1 bar to 16 bar. 
The optimum pressure in the last intercooler will be 
(a) 6 bar (b) 8 bar 

(c) 10 bar (d) 12 bar 252 
In an axial flow compressor stage, air enters and 

leaves the stage axially. If the whirl component of 

the air leaving the rotor is half the mean peripheral 


velocity of the rotor blades, then the degree of 
reaction will be 


247. 


less discharge pressure. 
(a) 1.00 (b) 0.75 (c) sudden fluctuation in flow due to heavy over 
(c) 0.50 (d) 0.25. loading. 
248. 


An aircraft flying horizontally at a speed of 900 km/h 
is propelled by a jet leaving the nozzle ata speed of 
500 m/s. The propulsive efficiency is 

(a) 0.334 


(d) heavy vibrations due to unbalance of rotor. 











(b) 0.426 
(c) 0.556 (d) 0.667. 
2. (b) 3. (c) 4. (b) 5. (b) 

10. (b) 11. (a) 12. (c) 13. (e) z a = = nt 

18. (a) 19. (a) 20. (d) 21. (a) 22. (d) 23. (b) 24. (b) 

26. (c) 27. (d) 28. (b) 29. (d) 30. (b) 3 € ) 32. (b) 

34. (d) 35. (c) 36. (a) 37. (a) 38. (c) as (b) 

42. (c) 43. (d) 44. (b)* 45. (c) 46. (a) reaper a (d) 

50. (c) 51. (b) 52. (d) 53. (b) 54. (d) ips 56. ) 

58. (c)* 59. (b)* 60. (b)* 61. (b) 62. (b) 55. (a) 56. $ 

66. (b) 67. (b) 68. (b) 69. (c) 70. (c) 63. (a) 64. ( l 

74. (b) 75. (b) 76. (a) 77. (a) e - 71. (a)* 72. (a 

82. (c) 83. (b) 84. (a) 85. (d) - i on i 5 

90. (e) 91. (a) 92, (a) 93. (b) ° 87. (c) 88. ( 

98. (d) 99. (b) 100. (b) ` 94. (d) 95. (a) 96. (d) 
106. (c) 101. (a) 102. (b) 103. (c) 04.) | 
107. (a) 108. (d) 109. (c) gi : | 
113. (d) 114. (d) 115. (b) 116. (a) 110. (c) 111. (c) 112.6) | 
r o 122. (a) 123. (e) 124. (c) a r F 119. (a) 120.09 | 
ioe. 130. 6) 131. (c) 132. (b) 133. w ena TET ta) 128.0) | 
145. (b) 146. re 139. (c) 140. (e) 141. (b) PA o pee = t | 
153.0) 154.) 147. (b) 148. (a) 149. (c) a ea E 
161. (b) l 155. (a) 156. (a) 157. (6 o se a a 
162. (a) 163. (a) (b) 158. (a) 159. (c) 160.0 | 
169. (d) 170. (d) 171. (a) E) 165. (d) 166. | 
j 
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78. (b 
a ° = ®) 180. (d) 181. (c) 182. (c) 183. (c) 184. (a) 
ns “4 188. (c) 189. (a) 190. (d) 191. (d) 192. (e) 
. (c) 196. (a) 197. (c) 198. (d) 199. (c) 200. (d) 
201. (a) 202. (e) 203. (e) 204. (d) 205. (d) 206. (e) 207. (b) 208. (d) 
209. (b) 210. (a) 211. (e) 212. (a) 213. (d) 214. (b) 215. (a) 216. (e) 
217. (b) 218. (b) 219. (b) 220. (e) 221. (a) 222. (b) 223. (b) 224. (a) 
225. (e) 226. (e) 227. (b) 228. (b) 229. (c)* 230. (c) 231. (c) 232. (a) 
233. (a) 234. (c) 235. (d) 236. (a) 237. (d) 238. (b)* 239. (d) 240. (a) 
241. (a) 242. (c) 243. (b) 244. (a) 245. (b) 246. (b)* 247. (d)* 248. (d)* 
949.(d)* 250. (b) 251. (b)* 252, (a) 


EXPLANATORY NOTES 
10. Aim should be to take coolest and clean and dry air. 


40. Shade side provides cooler air around receiver 


thereby knocking out moisture and furnish dry air. 


58. At high altitude density of air is low and as such 


compressed volume will be low. 


59. At high altitudes, mass of air compressed is low. 


60. During peaking, frequent start/stop of motor may 
be required which is not desirable, therefore, unload- 
ing of cylinder method is best. Variable speed is costly 
method and generally not used. 





247. Degree of reaction = Ma (tan B, + tan B,) 


248. 


b 


—=-—;tanf, = Vr 1, similarly tan B, = 2 
Vy, 2 V, 2 2 





l = 1 =0.25 
2x2 4 


Degree of reaction = 


Propulsive efficiency 


_ 2 x Velocity of approach of air (V,) 
P Velocity of jet relative to air plane (V,) + V, 


71. No gain will be there by idling the compressor and it V, = 900 km/hr = 900 x 1000 = 250 m/s, V, = 500 m/s 
is better to stop the motor, as start-stop will not be 3600 
frequent. n, = ee 0.667. 


229. From inlet and outlet diagrams it will be seen the 


blade velocity u, > u,, from which it is clear that it is 
radial compressor. For axial compressor, u, = u}. 
Further in outlet velocity triangle, velocity Vr, is in 
the direction of u, which means blades are forward 
curved. In case of backward curved blades the direc- 
tion of Vr, will be opposite to that of Us, t.e. angle 
between Vr, and u, will be acute. Thus (c) is the right 
choice. 


238. Velocity triangle at (b) is correct. Actual velocity v, 


is at right angle and angle between u, and wy is 
acute. 


249. 


251. 


P 500+250 750 
For minimum work of compression in 3 stage com- 


pressor the delivery pressure of Ist stage is 3/27/1 = 
3 bar. 
The increment in velocity across the entire unit = 
400 — 300 = 100 km/hr. Since half of this is added 
before the propeller, the velocity at the propeller = 
300 + 50 = 350 km/hr. 

V(1 + A) = 350 
(A = Velocity increment fraction added to the stream 
before the impeller). 





246. For four stage compressor, optimum pressure in last or 1+A= a = 1.167 
3/4 
inter cooler = P5 = (16)? = 8 bar q= : aa -e = 85.5%. 
Pi 1+A 1.167 
PROBLEMS 


4, The compression law pu!“ = constant on temperature — 
entropy diagram is represented by line. 


5. The volumetric efficiency with fixed clearance volume 


: engines are more efficient than screw propellers at speeds 
°ve sonic speed and also at high altitudes. 


"Ovide Single suitable word(s) for following 


Sta ements: 


l. As the value of index of compression ‘n’ increases, the 
work done in compressing air _____ - l 
2. Ifnis the index of compression, then work done 1n com- 
Pressing air is proportional to _____ 
* Work input to compressor is minimum when t 
compression followed is 


he law of 





* 
Ind; 
dicates that explanatory note is given at the end. 


and suction being from atmosphere and with increase 
in delivery pressure will 


6. For the given pressure ratio, the leakage past the pis- 


ton in multi stage compression in comparison to single 
stage compression is ________ . 


7. If index of compression for first stage of compression is 


higher than second stage, then for perfect inter-cooling 


p 
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and minimum total work, the first stage shares 9. Low value of ‘n’ (index of compression) is obtained p 
work than second. ees . | 
8. If m and n be the indices of compression for first and 10. Incase of compressor used with gas turbine, 
second stages of compression, then with perfect compression is preferable. | 
intercooling and for minimum work done, the ratio of 11. Amount of work done to compress a given mass of. | 
first stage to second stage of work is___-_ SC. under specified conditions is —_—— clearance na ; 








1. increases 2 l : z) 3. isothermal 4. vertical 
n = 
5. d pooo 
. decrease 6. less 7. more el aai) 
9. cooling the compressor cylinder 10. adiabatic 11. independent 
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Conversion Factors for Pressure 







0.986923 | 
` 986.923 
x105 


' 967.861 
x 10-3 


Poel 750.06 10197.2 0.986923 
| x 10-5 x 10-5 x 10-5 
1.3595 x 10-° 1.315 x 10-8 


133.322 13,5951 
“9.80665 -| 0.073556 alt aa | 8967887 e 
£84 9180 ET SRA N 


x 1078 ji 
Vapours | Specific entropy of wet vapour 
h, =h, + xh,- hp = hp + xhy, 


















. 980.665 : 
x 10° 


10 






















~ 1.833223 | 
Txos 2 ald 
os) 5980655 > I 
Rainn 

















1333.223 












10%: 













98.0669 





{i 101.325° . 







133,322 


F a 


1.03323... 


A substance may exist as a solid, liquid, vapour or 


gas. A mixture of liquid in the form of very small drops and Specific entropy of wet vapour 
dry vapour is known as a ‘wet vapour’. When all the liquid S, = Sp + X(S, — Sp) = Sp + XS jg 
as just been converted to vapour the substance 1s referred Superheated vapour Tables give value of v, u, h, and s 


to as ‘saturated vapour’ or ‘dry saturated vapour’. Further | fra particular pressure and a range of temperatures above 


eating produces what is known as ‘superheated vapour’ and the saturation temperature t, 


e te ired to do 
~“ temperature rise (at constant pressure) require Temperature-Entropy diagram (T-s diagram) 


8 is know c , 
n as the ‘degree of superheat . 
& peup Various processes are shown for a vapour on the T-s 


Pr , aie 
°perties of Vapours diagram (Refer Fig. 5.1). IS is an isothermal process in which 
becomes superheated. EX shows an isentropic 







t vapour 
Dryness j = Mass of dry vapour a wet vi 
eal Mass of wet vapour expansion from 
Speci p 
pecific volume of wet vapour TÎ Liquid 4 Superheat 


V, = 0,(1—x) + xv, = xv, (since vpis small) P /P3 region 


Specific internal energy of wet vapour 

U, =U, +xļlu —Uu,)=Uup+t XU 

2 PTF e i 
(Symbols u, v, h, s, stand for internal energy, specific 


volume 
stand for fluid and entropy respective Yy pectively) 


S Joe gas, mixture of fluid and gas Tes 
Pecific enthalpy of wet vapour 
h,= hp+ xh -hə = hp + xhg i B 


Wet vapour 
region 


209 
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i i ssin 
the superheat to the wet region. PL is a polytropic proce 
the superheat region. 


Enthalpy of a Vapour 
The enthalpy is represented by the i a 
constant pressure line on the T-s diagram (Refer ae 
Area h, is the enthalpy of the liquid at sa 
{ esponding to the latent 
temperature, A., is the enthalpy corresp eaan 
heat and hep is the superheat. The total enthalpy is, the f 


h= hp + hg + hsp 





Fig. 5.2 
Enthalpy-entropy (h-s) diagram 


Lines of constant pressure, temperature, dryness 
fraction and specific volume are shown on the diagram 
(Fig. 5.3). IS represents an isentropic process, IS’ a polytropic 
process and CE a constant enthalpy process. 







Superheat region 


l/ Constant T 


Wet vapour 
region 


Fig. 5.3 


Properties of Liquids (Water and Steam) 
For understandin 
let us start heating 1 kg of water at 0°C in cl 


ases and temperature 
no other losses, then 
eing stored in water and internal energy 

is shown visibly by rise of 
rmometer. Change of volume will be very 
ork done will be negligible as long as it is 


So heat Supplied to water, Q = U,- U+ w 
where, 5U, = final internal energy, ” 
and U 


1 = initia] internal energy 
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However H (Enthalpy), is defined as sum of inter 
energy and work. 
H=U+ K3 


pV E 
But for water, y= negligible. 


Hence H = U (as long as water remains Wate i 


As we keep on increasing the application of heat 4 
stage is reached when pressure a by = Molecules if 
ater equals the external pressure and boiling starts 
‘ouipeeatine corresponding to this stage 1s Called satu i 
temperature. By still further addition of heat, the Molecules me 
of water start shooting off, thus push the piston away whic F 
is causing pressure. The temperature remains same. In other or 
words for any particular value of pressure there isa definite : ia 
temperature at which water will start boiling and change = 
into steam. This temperature is called Saturation $ 
temperature and the temperature remains same during | fe 
complete formation of steam. The saturation temperature We 
increases as the pressure of water is increased. E i 
When water is boiling and steam is being formed at | 
constant temperature, steam is said to be saturated, Its | 
physical condition is such that slight disturbance in pressure | 
or temperature will change it into water. $ 
Wet steam is a mixture of steam and water which exist $ 
in equilibrium at saturation temperature. 


When no water particles are present and temperature v 
of steam corresponds to saturation temperature then steam 
is said to be dry saturated. 


Sensible heat (h). It is the heat required to raise the | 
temperature of 1 kg of liquid from 0°C to the boiling point. 

Latent heat (L). It is the quan 
convert 1 kg of liquid at boiling po 
vapour at the same temperature. 

Total heat (H). It is the 


convert 1 kg of liquid from the 
at constant pressure. 


During steam formati 
working substance 


is given by 


ration 








tity of heat requiredto | 
int into dry saturated | — 


quantity of heat required to | 
0°C to dry saturated vapour 


on stage, the volume of the Re 
goes on increasing. Therefore, work done Bee 


PV, — Vip) V, = volume of steam | — ae 
| a a V = volume of water aE 
V „is very small in comparison with V , therefore, it’ f 


neglected. Term PV, 


— 








1s known as external work ° T 
evaporation. 


. P Vs Ag 
Heat supplied or enthalpy of steam =h +L + “Ts : 
As the term pV /J is Spent in doing external work a Ey 

not stored in the form of energy, therefore the express!’ a ay 


DV, . 
A= Fg 1S called true or internal latent heat. 


Total increase in internal energy of water changed ; 


into dry Saturated steam = h +L- PY, 
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of water from 0°C to saturation te 





m 
h A Lis defined as enthalpy (H). perature, 
an _ PV. 
. U, a U, = H gä T . 


ness Fraction is the term used to define the wetness 
ai This is equal to ratio of weight of steam to total 

s ight of mixture. l 
we this is also defined as the ratio of actual heat s 


+ u > 
t heat of evaporation. Pplied 





to total laten i 
a y=— ; H „= total heat of steam at any stage 
“ H =h + xL. 


Dryness fraction of steam can be determined by using 


1000 
800 


600 


497.775 


Enthalpy, kcal/kg ——> 


400 








separating calorime 


, ter or th i i i 
separating and thro rottling calorimeter or combined 


ttling calorimeter, or barrel calorimeter. 
—_ keie inher Steam. If heat be still further added 
begane es water 1S converted into steam, then molecules 
is then © eae and temperature will rise. The steam 
E 4 to be superheated. The difference of 
as ed steam temperature and saturation 

perature is called degree of superheat. Superheated 


-= follows gas law and heat added after the complete 
ry steam is formed is equal to 


=C (t-ta) 
where, t = superheated steam temperature and 
tq = temperature of dry saturated steam. 


Constant 
temp. lines 


Dry saturated 
vapour line 


quality 
lines 
200 
Wet 

region 

0 
0 0.5 1.0 1.5 2.0 2.5 
Entropy kcal/kg°C ————>- 
Fig. 5.4 


cond Based on the results of a number of experiments 
ucted over long periods of time, steam tables have been 


ma ; i ) 
te de which give all the properties of steam at various 
Mperaturesg, 


olli 5 , 
‘er Diagram or Enthalpy-Entropy Chart 


entro On mollier diagram, enthalpy is plotted on y-axis and 
enthal. 0n x-axis. The critical point, corresponds to liquid 
kg/cm?” *S Well as enthalpy of dry saturated steam at 225.65 


anstat © constant pressure lines, constant quality lines, 
and const “mperature lines, constant specific volume lines 
ant superheat lines are plotted on Mollier chart. 
'EPresenta a7 region, constant enthalpy process may be 
Point to a- OY a horizontal straight line from one specified 
Process p ° other, the reversible adiabatic or isentropi¢ 
“Vertical straight line from one specified point to 





the other. The constant temperature line coincides with 
constant pressure line in the wet regions. 


Steam Boilers 


According to A.S.M.E. boiler is defined “as a steam 
generating unit which is used for producing, furnishing and 
recovering heat, together with the apparatus for transferring 
heat, so made available to the fluid being heated and 
vaporised”. 

The boilers are mainly classified in two classes as 
follows: 

(1) Smoke Tube Boilers. Boilers in which there is 
an external shell generally in whole or in part cylindrical, 
which contains a fire-box or one or more tubes large enough 
to hold grate, upon which the fuel is burned. From the fire- 
box or the furnace box, the products of combustion are led om 
through the shell by one or more large tubes or by a 
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considerable number of small tubes to a smoke-box or 3 ne 
space outside the shell and discharged to atmosphere t pee 

chimney. In these types of boilers the water 1s circu sa 

outside the tubes, and the gases inside the tube. Examples 
of this type are Cochren, Cornish, Lancashire, Locomotive 
and Marine boiler. These may be externally fired or internally 
fired. In externally fired boilers, fire is entirely external to 
the boilers and is suited to those boilers which are used for 
stationary installations. In internally fired boilers fire takes 
place internal to boiler shell. Locomotive and marine boilers 


are of this type. 

(2) Water Tube Boilers. Boilers which contain a 
large number of comparatively small tubes through which 
water circulates, the fire and hot gases being outside these 
tubes. 


Comparison of Water Tube and Fire Tube Boilers 

1. The water tube boiler is safer, because most of 
water at hottest part of the furnace is in small tubes which if 
ruptured, only a comparatively small volume of water is 
instantly released to flash in steam. 

2. For efficient and economic working, fire tube 
boilers require less of skill than water tube boilers. 

3. Fire tube boilers can be made of small sizes and 
cannot be made up in large sizes due to the difficulty in 
transportation of the shell whereas water tube boilers are 
uneconomical in small sizes and hence often made in large sizes. 

4. The fire tube boilers are limited to a steam pressure 
of 16.0 kg/cm?, the commonly used pressure being of 10.0 kg/ 
cm”, but the water tube boilers can be operated upto 160 kg/ 
cm? or higher, the limitation in the former case being of large- 
shell thickness required. 

5. Rate of steam production is higher in water tube 
boilers than gas tube boilers because of large heating surface, 
long gas travel, and rapid and positive water circulation. 

6. The floor area required for smoke box boiler is 
much less than water tube boiler. 

7. Chances of explosion in water tube boilers are more 
than in smoke box. 

8. The flexibility of operation is more in fire tube 
boilers than water tube boilers due to comparatively large 
water quantity. 

9. Need for feed water treatment is more in water 
tube boilers, because pitting and corrosion caused by impure 
water is more injurious to thin tubes than thick tubes. 

10. Larger water tube boilers can carry much greater 
overloads and respond more rapidly to sudden changes and 
fluctuations in demand. The drum in water tube boilers is 
not exposed to the radiant heat of the fire. 

Fig. 5.5, shows a typical water wall type pulverised 
coal fired boiler; in which the various heat exchange surfaces 
are clearly depicted. The relative percentage of heat absorbed 
and heat transfer surfaces in large boilers is shown in Fig. 5.6. 

Other types of boilers are discussed below in brief: 

. Lancashire Boiler is a horizontal fire tube, natural 
circulation type boiler. It is approximately 7 to 9 m in length 
and 2 to 3 m in diameter. It has two parallel furnace flue 
tubes. It can generate steam pressure upto 16 kgf/cm? and 
evaporative capacity is of the order of 8000 kg/hr. 
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Fig. 5.6. Relative percentage of heat absorbed through heat 
transfer surfaces in case of large boilers. 


Cornish Boiler is a horizontal, fire tube boiler having 

only one furnace flue tube. Its length varies from 4 to 8 m 

and diameter from 1.25 to 1.75 m. The working pressu!® 

ane and capacity of Cornish boiler is lower than Lancashire 
oiler. 


Cochran Boiler is a vertical boiler with horiz 
firetube and is portable type. It is approximately 2.75 m 12 
diameter and 5.5 m in height. The working pressure range 
and evaporative capacity are of the order of 20 kgf/ mean 
3500 kg/hr respectively. 


Locomotive Boiler is a portable, horizontal, 
tubular fire tube boiler. The fire box is separate and the ae 
is horizontal. The hot flue gases from fire box flow to smo" 
box through the tubes, which are surrounded with wate! z 
shell. The normal pressure range is upto 20 kgf/cm’. l 

Benson Boiler is a light weight high pressure boiler 
having no drum. It can generate steam within 20 


ontal 


multi- 


a te 
minu g 


The normal pressure range is from 30 kgf/cm? to 250 kgf/cm 
and evaporative capacity is of the order of 135 tons of ste? 
per hour. 
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La Mont Boiler is a high pressure, water tube type 
forced circulation boiler. It produces around 100 tons of 


superheated steam per hour at a temperature of 500°C and 
at a pressure of about 135 kgf/cm2. 


Boiler Mountings 

Water level indicator indicates the level of water 
in the boiler. 

Stop valve controls the steam Supply as per 
requirements. 

Safety valve. It prevents excessive steam pressure 
in the boiler. It may be spring loaded type, dead weight type, 
lever type or high steam and low water type. 

Pressure gauge shows the pressure of the steam in 
the boiler. 

Blow cock is used to remove mud, scale or sediments 
collected at the bottom of the boiler; and to empty the boiler. 

Feed check valve is used to control the supply of 
water to boiler, to maintain constant level. 


Fusible plug is used to put off the fire in the furnace 
of the boiler when the level of water falls to very low value. 


Boiler Accessories 


Economiser is used for heating feed water thus 
utilising the heat in the exhaust flue gases. 

Super heater is used to superheat wet steam at 
constant pressure by utilising the heat of combustion 
products. 

Feed pump pumps water at desired pressure to 
boiler. 

Injector is used for pumping water to a vertical or a 
locomotive boiler and low pressure boilers. 

Air preheater heats the secondary air used for 
combustion and also primary air used to pulverise and carry 
coal air mixture by utilising the heat in the exhaust flue 
gases. 

Steam trap is used to drain off water resulting from 
the partial condensation of steam from steam pipes. 

Steam Separator js used for separating suspended 
water particles from steam. 

Pressure reducing valve is used to maintain desired 
steam pressure. 

LD. Fan (Induced Draft Fan). It is used to exhaust 
flue gases from boiler and discharge them into chimney. 

F.D. Fan (Forced Draft Fan). It is used to supply 
air for combustion. : 

P.A. Fan (Primary Air Fan). It is used to supply air 
for pulverising the fuel and carrying it to furnace. 

Electrostatic Precipitators. These remove ash from 
flue gases so that clean gases are discharged into atmosphere. 

Boiler Draught is defined as the small pressure 
difference (usually in mm of wel) which removes products of 
combustion from boiler and allows fresh air to be sucked in. 
Draught may be natural draught produced by a chimney, or 
artificial type produced by fans, steam jet etc. 

A chimney is made of masonry, steel or concrete. In 
big power plants, draft is created by I.D. fans and chimney is 
used mainly to discharge flue gases at high altitude so as to 
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disperse the ash, etc over a wider area, thus causing 
minimum pollution. 


Chimney Calculations (when it is used for producing 
draught only). 
Pressure causing draught in the chimney. 





1 m+1 1 
2 = = 2 
sanli í x d kgf/m? or mm of H,O 


where, H = height of chimney in m, 
T, = absolute atmospheric temperature and 
T = absolute temperature of flue gases in the 
chimney. 
Velocity of flue gases in the chimney can be determined 


by the relation 
V = J2g(H' — hp) 


where, H’ = height of hot gas column in m. 
h,= loss due to friction. 


For maximum discharge through the chimney, the 
height of chimney should be equal to the height of the F 
gas column producing draught. 


and 


Boiler Performance 


As already defined, a boiler is an apparatus used for 
converting water into steam at the desired pressure and 
temperature by the heat obtained from combustion of fuel. 
So the amount of water evaporated is the basic consideration 
for studying the performance of boilers. The evaporation is 
generally expressed in terms of kg of steam/kg of fuel or in 
kg of steam/sq metre of heating surface area/hour or simply 
by the total weight of water evaporated. The water evaporated 
in the boiler is under different conditions of temperature of 
feed water and steam generation pressure, temperature and 
dryness fraction and so takes different amount of heat for its 
evaporation. 

For the purpose of comparison, it is therefore necessary 
to state a standard condition under which evaporation of 
water takes place. The standard which has been adopted is 
as follows : The temperature of feed water and steam should 
be 100°C and the steam should be dry and saturated. So from 
the above fact, it is clear that under the standard conditions 
of evaporation the water takes its latent heat which has value 
of 539 kcal/kg. 

Factor of evaporation. If under the standard 
conditions, | 

t = temperature of feed water which will have total 
heat h,. 


h = total heat of water at saturation temperature 
and pressure. 


H = total heat of dry saturated steam at saturated 
pressure and temperature. 


L = latent heat of steam at 100°C . 
W = weight of steam produced. 
W, = equivalent evaporation. 
Then under these conditions, heat to produce one kg 
of steam is (H —h) + (h —h,) 
and total heat required to produce W kg of steam will be 
= W((H —h) + (h-A,)] 
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STEAM ENGINES 


m engine is one in which the expansi, 













= « S 
This amount of heat under the standard condition 


; pi ich is given A simple steam e! ù 
will be able to evaporate water weighing W, kgwiicmag f steam is completed in one cylinder, and the Compoy 
by P S e engine is onein which the steam progressively expan is 

(H — h) + (h - h) ao or more cylinders. Compound engines may have th, 
Ms — cylinders arranged in various wee such as tande 

, within sompound—cylinders placed one behind the other in line 

W, is called the equivalent evaporation and term angle compound—cylinders axes — at ne an toone 

. d—cylinders arranged side by «i 

brackets Z = S = ‘2 | is called the factor of | another : cross compoun y Y Side 

etc. ko 
evaporation. An engine may oper ate non-condensing, i.e. exhaustin 


The equivalent evaporation is defined as ‘The number 
of kg of water that would be evaporated from a feed water 
temperature of 100°C into dry and saturated steam at 100°C 
by the same amount of heat actually used under this 
condition. It is generally expressed in kg/kg of fuel or in kg/ 
square metre of the heating area/hr. The water is evaporated 
under the standard conditions which have been adopted, 


to atmosphere, or condensing L.e. exhausting to a condenser 
In a single acting engine, steam 1s admitted only to 
one side of the piston, and in double-acting engine, steam is _ 
admitted alternately to each side of the piston. 
A slide valve is a valve which controls the inlet and 
exhaust of steam by sliding across the ports. A poppet valve 


are as follows, temperature of feed water and steam at 100°C 
and the steam is dry and saturated. Under the standard 
conditions, therefore the evaporation of kg of water 
represents the utilization of latent heat which is 539 kcal 


is a disc, fitting a port which is raised or lowered for the 
control of inlet and exhaust. A Corliss valve has a cylindrical 
surface which oscillates through a small angle to open or 
close the port. In uniflow engine, piston itself acts as exhaust 


at 100°C . valve. 


Evaporation per square metre of Heating 
Surface. In certain cases the evaporation is also expressed 
in terms of kg/sq. metre of heating surface area/hr. The 
value of evaporation is more in fire tube boilers and less 
in water tube boilers. For evaporation the locomotive boiler 


has an average value of about 11 whereas water tube boiler 
has 4. 


Steam engine speed is governed by (i) throttling the 
steam supply, or (ii) by varying the cut-off. 


Indicator diagram shows the pressure in engine 
cylinder at each point of the stroke. It is used for determining 
the power developed in the cylinder, approximate steam 
consumption, and whether the valves are properly adjusted. 
Point 1 in Fig. 5.7; represents the point of admission at which 
the steam valve opens. 12 is the admission line where 
pressure rises due to admission of steam to the cylinder by 
opening the steam valve. 23 represents the steam line when 
the steam valve is open and steam is being admitted to the 
cylinder, 3 is the point of cut-off where admission of steam is 
stopped by closing of the valve. It is usually located where 
the outline of the diagram changes its curvature from convex 
to concave. 34 is the expansion curve as the steam expands 
doing the work, 4 is the point of release when the exhaust — 
valve opens. 45 is the exhaust line representing the change 
in pressure that takes place when the exhaust valve opens: 
56 shows the pressure against which the piston acts during 
its return stroke, known as back pressure line. 6 is the point 
of exhaust closure where the exhaust valve closes. 61 is the 
compression curve and shows the rise in pressure due to 
compression of the steam remaining in the cylinder after the 
exhaust valve has closed. Indicated Mean Effective Pressure 
(t.m.e.p.) is found by dividing the area by its length and 
multiplying the quotient by the pressure scale of the diagra™- 





This can be obtained by finding the total weight of 
water evaporated in kg/hr, and finding the total surface area 
of heating. Then dividing the two, we get equivalent 
evaporation in kg/sq. m/hr. 


Efficiency of Boiler. Efficiency of boiler is defined 
as heat utilized in raising the steam to the heat supplied by 
burning the fuel in a given period. 


A boiler plant mainly consists of boiler itself but in 
addition it has several auxiliaries such as feed water heater, 
economiser and super heaters etc. All of them have their own 
efficiencies. When all these efficiencies are taken together, 
it is termed as the efficiency of the whole plant. 

i Heat Losses in a Boiler Plant. All the heat which 
; is evolved due to combustion of fuel is not utilized in raising 
the steam. Certain amount of heat goes waste in one form or 
the other which is termed as ‘lost heat’. The sources of losses 
are as follows: 

1. Heat lost through hot gases in chimney. 

2. Incomplete combustion of fuel i.e. , a certain amount 
of carbon burnt to CO instead of CO, due to lack of O,. 

3. Unburnt fuel which drops in ash-pit. 


4. Heat wasted in the eva 
in air and due to H > in fuel. 


5. Radiation losses. 


poration of moisture content 





Pressure —» 


Fuels. Fuels may be solid. liaui 
, quid or gaseous type. A 
good fuel should have low ignition temperature, high calorific 


value, easy to store, produce minimum smoke and be 
economical. 





Piston travel ——~ 
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Fig. 5.7. Indicator diaaram of a simnle steam enaine. 


Scanned by CamScanner 


mE int ENGINEERING 





Area of actual indicator di 
_ agram 
piagram factor = — Area of hypothetical diagram 


‘cated work for cycle = i.m.e.p. xA xL, where A = 
Jndi L = Length of stroke of piston. Theoretically work 


‘ ea, 
en cycle = P12; (1 + log, r) — pyvp. 
op 


Pı 
jdeal m.e.P. = ~~ [1 + log, r ] —P, 


p= supply pressure 
-= back pressure 
Pe ‘eal rat; . 
r = hypothetical ratio of expansion 
Total swept volume Vo 
ee ——— ÅM 
~ Swept volume at cut off V, 


When clearance volume is also considered and if a = 
e volume/swept volume, then m.e.p. 


where, 


clearance 
l+a 


= 14(2+a}1 
Pay TG Pe UVr+a}| è 


Ideal thermal efficiency of the steam engine is same 
as that of the Rankine cycle. 

Losses of available energy in the steam engine are 
due to following causes (arranged in the approximate order 
of magnitude of loss). | 

(1) Initial or surface condensation 

(2) Incomplete expansion and early release 

(3) Throttling of steam flowing through partly open 
valves 

(4) Leakage of steam past piston and closed valves 

(5) Friction of moving parts — 

(6) Heat loss by radiation and conduction 

(7) Compression and early admission. 

Initial condensation can be reduced by adopting late 
cut off and small expansion ratio, superheat, separate valves 
for admission and exhaust, short valve passages, high 
compression compounding, and uniflow principle. 


Saturation Curve and Missing Quantity 

The actual volume of steam in cylinder is less due to 
condensation of steam. 
tints The saturation curve in an indicator diagram is 
ift eshowing the volume which steam would have occupie 
in th steam were totally dry and saturated. The difference 
yi theoretical and actual volume at any point Is known 
a “Sing quantity. Missing quantity is due to initial cylinder 

ensation and a small amount of leakage past piston. 
lt can be reduced by steam jacketing of cylinder walls, 
Superheated steam, compounding t.e., expanding the 
'n two or more cylinders instead of a single cylinder. 
hissing. Fig. 5.8, curve AB represents saturation curve. The 
Nd the quantity is the difference in the theoretical volume 
actual volume at any point. Thus for pressure OC. 


Dryness fraction at D = £2 


ere, Cp m CE 
= actual volume in the cylinder 


= volume given by saturation curve 
~ missing quantity. 





Wh 








Missing 
quantity 





Fig. 5.8 


Governing of Simple Steam Engine 
(t) Throttle Governing. In this method, steam inlet 


pressure is varied by a throttle valve, and the cut-off ratio is 
kept constant. In the throttle governing, the steam 
consumption is directly proportional to the indicated horse 
power. Hence graph between consumption of steam ane 
indicated horse power is a straight line known as Willai:'s 
line which is shown in Fig. 5.9. 





Throttle 











Cc 
io) governing \ 
EG 
SE 
23 Willan's line 
= W=A+B x (I.H.P.) 
= Slope B 
F 
A 
y 
|.H.P. 
Fig. 5.9 


(ii) Cut-off Governing. In it the ratio of cut off is 


varied and the admission pressure is kept constant. It is more 


efficient and economical. 

Compound Steam Engine. In a compound steam 
engine, the expansion of steam takes place in two or more 
than two cylinders in series. The expansion of steam first 
occurs in high pressure cylinder and expansion of steam takes 
place in the last in low pressure cylinders. The remaining 
cylinders are called intermediate pressure cylinders. 

The main advantages of compound engines are: Small 
pressure range and small temperature range per cylinder 
and hence reduction in condensation and reduced steam 
leakage past piston and valves and hence less missing 
quantity; reduced stroke length, less weight and more 
uniform torque and thus lighter flywheel; reheating between 
high pressure cylinder and low pressure cylinder is possible 
which coupled with a saving in steam consumption results 


in increase in thermal efficiency. 


Methods of Compounding Steam Engines are: 

(i) Tandem Compound Engine. In this method, 
ere is a common piston rod for the high pressure cylinder 
sure cylinder, connected to the same crank. The 
from the high pressure cylinder is passed 
low pressure cylinder. Since the maximum 


th 
and low pres 
exhaust steam 
directly to the 
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turning moment from each cylinder acts simultaneously on 


the crank-shaft, a large flywheel is required. 

(ii) Woolfe Compound Engine. In this method, two 
cranks are at 180° to each other. The two cylinders are 
arranged side by side and the exhaust steam from the H.P. 
cylinder passes directly to L.P. cylinder. This also requires 


large flywheel. 
(iii) Receiver Compoun 
two cranks are placed at 90° to e 
the H.P. cylinder is passed into 
the L.P. cylinder. As the two cyc 
turning moment on the crank shaft is mor 
a smaller flywheel is required. 
Rankine Cycle. [Refer Fig. 5.10] 


d Engine. In this method, 
ach other. The exhaust from 
a receiver and from there to 
les are out of phase by 90°, 
e uniform and hence 


5 





Fig. 5.10 


1-2 — Pressurisation of water in pumps. 

2-3-4-5 — Heat addition in boiler to boil water and 
raising the steam to superheat condition. 

5-6 — Expansion in turbine. 

6-1 — Condensation of steam to get original water. 

Neh = ark 
hs — hy 
[where, = enthalpy at respective point]. 

In addition to it, the modifications of Rankine cycle 
are non-expansion vapour cycle, incomplete-expansion vapour 
cycle, ideal vapour reheating cycle and regenerative cycle. 

Rankine cycle efficiency can be improved by increasing 
the initial pressure and temperature. Further, in order to 


avoid excessive condensation in the lower pressure stages, 
the pressure increase must go hand-in-hand with increase 





in temperature. 

Reheating Cycle. Process representing 6-7 in 
Fig. 5.11, is reheating. By this the thermal efficiency of plant 
is increased and steam at the end of expansion is not wet. 
Wet steam may be disastrous for turbines. Reheating is 
accomplished by passing the partially expanded steam from 
turbine through the steam superheater. The cycle efficiency 
is determined by totalling the available energy converted to 
work in each part of the expansion and dividing by the total 
heat supplied to the boiler. The main advantage of reheating 
is to accomplish reduction of excessive moisture formation 
in the last stages of turbine without the use of high initial 
steam temperature. 









Fig. 5.11 


Regenerative Cycle (Feed heating cycle), |, i | 
cycle steam is withdrawn from the turbine at various Doin 4 
i.e., without full expansion taking place. The extracted stea e 
supplies heat to the feedwater. This cycle results ;, d 
considerable gain in economy, because the extracted ste k 
has already done work in the turbine and it does not lose; 4 
heat to the cooling water in a condenser but its latent heati 
fully utilised within the cycle in heating the feed-water whi} 
is returned to the boiler. ) 

The Mercury-Vapour Cycle. This cycle is based 
the effects of the difference in thermodynamic properties f 
the two pure fluids, steam and mercury. Steam works under 
relatively high pressure with an attendant relative loy 
temperature. Mercury, on other hand operates under lo 
pressures, with attendant high temperature. The selection 


and in the mercury portion of the cycle, steam picks up t { 
heat of condensation of the mercury vapour. Obviously, t { 
cycle results in a great saving in heat. Fig. 5.12, shows Wt | 
flow diagram and Fig. 5.13, shows it on T-S diagram. [t we 
be noted that the same furnace serves the mercury boiler | 
and the steam superheater. Mercury vapour is only con ens 
and not superheated. Condenser boiler is located high enovs 
above the mercury boiler, so that the head of mercury T? | 
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the liquid mercury to the boiler by gravity, thereby dispensing 
with the mercury feed pump. 


Steam Nozzles 

These are used to convert heat energy of steam into 
kinetic energy. The nozzles are classified into two types 
according to their shapes as (i) Convergent nozzle and (ii) 
Convergent and divergent nozzle. 

Convergent nozzle. A convergent nozzle is one in 
which the cross-section decreases continuously (converges) 
right from the entrance upto the exit. This is essential to 
bring about the increase in kinetic energy of steam and hence 
the convergent portion is found in all types of nozzles. The 
exit end of such a nozzle is throat. This type of nozzle is rarely 


used in practice. 


Entrance Exit 
dainak E, Sea S 


Fig. 5.14 


Convergent and divergent nozzle. The Fig. 5.15, 
shows the other type of nozzle which has its cross-section 
firstly decreasing upto throat (convergent) and then 
increasing in cross-section upto mouth (divergent). The cross- 
section at the throat is minimum and the corresponding 
pressure at throat is called the critical pressure. The 
divergent part of nozzle performs the function of change of 
quality of steam and also increases K.E. of leaving steam 
while the discharge remains constant. Divergent portion 1s 
essential because for expansion beyond critical pressure and 
at the same time with increase of velocity, divergent section 
is needed. This type of nozzle is mostly used. 


Entrance Exit p. 


Fig. 5.15 


The velocity of expanding steam 


V=\2g JU - J2x981x427xU xk =91.5 VRU 


where, k is called the coefficient of friction. It has been found 
that there is a loss of 10 to 15% of total heat when friction 
effects are taken into account, and U = H, — H}. 

If initial velocity is ignored, then velocity at outlet of 
nozzle. 





Condition for throat pressure for maximum discharge 


2 


hek mP 
Ratio #2 = kA! is known as critical pressure 


Pj n+ 1) 
ratio and it gives maximum discharge for the nozzle. po 
(throat pressure) for this ratio is called critical pressure. 

For a saturated dry steam, the value of n = 1.135 and 
putting this value of n in above equation, 


P2 = 0.580 
Pı 
So the nozzle using dry and saturated steam in the 


beginning has the throat pressure = 0.58 of initial pressure 
for the maximum discharge. This throat pressure is called 
the critical pressure. 

When the steam is initially superheated then the value 


ofn is 1.3 and the ratio of P2 will be 0.545 
Pj 


The maximum discharge is given 


2/(n — 1) 
Ap n 2 
= — | 29| ——_ —— 
. U} | (Joo) | 


where, A = throat area 

Effect of Friction. The flow of steam through a nozzle 
is not astreamline flow, but there is always present a certain 
amount of eddies or irregular motion which causes friction 
between the molecules of the steam. Also there is some 
friction due to the contact of moving steam and the surface 
of nozzle. All this friction has the effect of reducing the final 
kinetic energy of steam, but the energy spent in friction is 
converted into heat energy and so it changes the final 
condition of steam. 

Heat drop due to friction is nearly 10 to 15% of total 
heat drop and equation of velocity changes to 


V=91.5 VkU m/sec. 
where, & is the coefficient which is responsible for frictional 


loss. 

This effect of friction is shown on Mollier-diagram in 
Fig. 5.16. 

Let Point A represent the initial condition of steam, B 
at the throat and C at the exit when there is no loss of heat 
drop due to friction. 

Suppose the loss of heat due to friction is CD then 

AD 


—— =k, 
AC 
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Fig. 5.16 


and hence the point D has been located, but the expansion 
should end on the same pressure line as C and hence draw a 
horizontal line DC’ from D. The point C’ gives the final 
condition of steam. It is seen from H-S diagram that point 
C’ has greater dryness fraction than C, hence the effect of 
friction is partly to dry the steam. 


It has been found from experiments that loss of heat 
drop from entrance to throat is negligible in comparison to 
total drop in heat and hence for all purposes, we assume 
that effect of friction occurs only in divergent part of the 
nozzle. The flow of steam in that portion is shown by the 
dotted line BC’ in Fig. 5.16. 
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The ratio 0 AC 3 
e is also defined as the ratio of actual k; 


| oipe 

efficiency of n0zz kinetic energy with frictig 
t to the Kin 

energy of the Je 


adiabatic flow. 
Supersatu 

through a nozzle, is 

time to condense, an 


rated flow. It occurs when the expansie 
d thus remains dry. 


rbines 
Tu In turbines the internal energy of steam is conv erte 
into mechanical work 
kinetic energy of a jet i 
then by change of direc 
passing over moving vanes or 


tion of motion of jet while steam i 
blades. In the impulse tu rbines 


the steam pressure drop and consequent development of 
kinetic energy takes place solely in the stationary nozzles a 
and the work is obtained by the conversion of this kinetic E 
energy into work on moving blades. In the reaction turbine t 
only a part of the kinetic energy conversion occurs in the — 


stationary nozzles, the remainder of the kinetic energy 
conversion being accomplished by a pressure drop in the 


steam as it passes through the moving blades. Steam turbines ~ 


may be classified as 


Turbines 


ia a 


Impulse 


De Simple Re-entry Rateau Multi 
Leval Curtis stage 
pt Curtis 
Axial Tangential 
flow type 


The characteristic feature of De Laval turbine is the 
diverging nozzles which expand the steam to back pressure 
in a single stage, and a single steel disc, mounted on a slender 
flexible shaft, carrying the blades on its periphery. It has 


high steam and wheel velocities and large pressure drop in 
nozzle. 


Simple Curtis impulse turbine has one nozzle or 
set of nozzles and single disc with two or more rows of blades 
and intermediate reversing blades. One passage of steam 
takes place across each blade row. The wheel speed is 


moderate and pressure is sam 
e thro 
Pressure drop in nozzle is large. — k 


Rateau turbi - 
me consists of a numbe 
l r of 
elements ın series with intermedi Ne Laval 
orifices, 


ed can be secured, 
In multistage 


Reaction Combination types 
Axial Radial Curtis Curtis 
flow, flow, Rateau Parsons 
Parsons Ljung- 
storm 


Parsons turbine has large number of rows of blades 
mounted on a rotor or revolving drum. Between each ofthese 
rows of blades is a row of Stationary blades attached to the 
casing. The steam expands to a lower pressure in both sets 


of blades. A set of stationary blades and the following set ! 
moving blades constitu 


drop per row and it is 
of wheel speed to steam speed. 


In radial flow reaction turbine, a series of radial ring? f 


of converging reaction blad 
rings revolving in opposite d 
packing devices. 
speed. 


es are arranged with alternat 
irections. It has elaborate ste” 
It also has high ratio of blade speed to stea™ 
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Fig. 5.17 


The steam is caused to fall in pressure during its 
passage in nozzle. Due to this fall in pressure, a certain 
. amount of heat energy is converted into kinetic energy which 
causes the increase in velocity of steam. The rapidly moving 
particles of the steam enter the moving part of the turbine 
and suffer a change in direction of motion which gives rise to 
a change of momentum and therefore to a force. This 
constitutes the driving force of the machine. The process of 
expansion and direction changing may occur once, or a 
number of times in succession. 


Impulse turbine. In its simplest form, it is shown 
diagrammatically in Fig. 5.18. The top portion of the figure 
shows a longitudinal section through the upper half of the 
turbine, the middle portion shows a development of nozzle 
and blading, while the lower part shows approximately how 
the absolute pressure and the absolute velocity of the steam 


vary from point to point during the passage of steam through 
the turbine. 





, 






Boiler L 
pressure — Lost 
a {velocity 
y 


Initial 


Condenser 
velocity 


pressure 


Fig. 5.18. Simple impulse turbine (De Laval). 


turb; This type of turbine is termed as simple impulse 
úi Ine because the expansion of steam takes place in one 
et Of nozzles only. The pressure of steam falls from that in 
i Steam chest to that existing in condenser while the steam 
is WS through it and hence the pressure in the wheel chamber 
Practically equal to the condenser pressure. There is thus 


a . . 
relatively great ratio of expansion of the steam in the nozzles 


with the result, the steam issues from the nozzle at a very 
high velocity of the order of 1200 metres/sec. It will be shown 
later, that velocity of blades for maximum efficiency should 


be about one-half of the velocity of jet i.e., about 600 metres/ 
Sec in this case. 
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pressure 
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Fig. 5.19. Velocity compounding. 


In practice this type of turbine is employed for small 
power ratings. The rotor diameter is kept fairly small and 
consequently the rotational speed becomes very high, of the 
order or 30,000 r.p.m. Since, only few driven machines require 
such a high speed and that is why, the chief object of the 
development of steam turbines is to reduce the speed of rotor 
to practical limits. There are several methods to reduce the 
speed, all of which employ several blade rings. 


Another development effort in steam turbines is that 
if a single blade is used to utilise the kinetic energy of high 
velocity steam, the velocity of steam leaving the moving 
blades is in large proportion to the maximum absolute 
velocity of steam when leaving the nozzle. The exit velocity 
involves the loss of energy which is termed as ‘Carry over 
losses’ or ‘Leaving losses’. A small final velocity is necessary 
in order that the steam may escape from the turbine into 
condenser with minimum losses. A moderate outlet velocity 
would involve only a small loss, since actual energy varies 
with the square of leaving velocity. But where a large 
velocity is inevitable, the corresponding leaving losses may 
reach a large value. In a De Laval turbine, the leaving 
velocity amounts to 33% of nozzle outlet velocity and hence 


the leaving losses may reach (0.33)? or 11% of initial kinetic 
energy of steam. 


Another reason of development is that due to very high 
rotor speed, the stress in the shafting and blade material 
will be very high which requires the use of very good material 
and hardly any commonly used material can withstand these 
forces. If we use high stress material, the cost will be very 


high. Also high rotor speed causes a problem in design of 
turbine. 


To overcome these difficulties, a development has been 
sought to bring the high rotor speed to practical limits and 
this has been achieved by using a series of blades which are 
keyed to a common-shaft in which jet velocity is absorbed is 
stages as it flows through the blades. This is called 
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‘compounding’. The following are the chief methods of 


reducing rotor speed by compounding. l f 

Velocity Compounding. This system consists of a 
nozzle or a set of nozzles and a wheel fitted with two or sah 
rows of blades. This has been shown in Fig. 5.20 which has 
rings of moving blades and such a wheel is referred to as 
three row-wheel. There are also a number of guide blades, 
suitably arranged between the moving blades and set 1n the 
reverse manner. With 3 row wheel, there are 2 rows of guide 
blades, placed between the first and second, and second and 
third rows of moving blades respectively. These fixed blades 
need not necessarily extend round the full circumference of 
casing. It is only necessary to arrange them roughly in front 
of nozzle or nozzles, but covering somewhat larger area of 
circumference than the nozzles themselves. 

Steam entering the nozzle expands from the initial 
pressure to the exhaust pressure. Thus in general, the steam 
velocity is very high, as in single impulse turbine. The 
provision of two or more rows of moving blades, however, 
enables the blade velocity to be made appreciably less than 
would be the case with a turbine having a single row of 
moving blades. On passing through the first row of moving 
blades, the steam gives only a part of K.E. and issues from 
this row of blades with a fairly high velocity. It then enters 
the steam blade pair i.e., first in the guide blade and then on 
moving blade. There is a slight drop in velocity in the guide- 
blade due to friction. In passing through the second row of 
moving blades, the steam suffers a change in momentum and 
gives up a part of K.E. to rotor. Again the leaving steam from 
second row of moving blades is redirected to second row of 
guide blades. Thus doing work on third row of moving blades 
steam finally leaves the wheel in more or less axial direction 
with a certain residual velocity, about 2% of the initial velocity 
of steam at nozzle exit. 

This arrangement of reducing the rotor speed to 
practical limit is called ‘velocity compounding i.e., whole of 
velocity is not utilised on one row of moving blades but in a 
number of stages. The example of this type is Curtis turbine. 

Pressure Compounding. It is obvious that by 
arranging the expansion of the steam in a number of steps 
we can arrange a number of simple impulse machines in 
series on the same shaft, allowing the exhaust steam from 
one turbine to enter the nozzles of succeeding turbines. Each 
of the simple impulse turbine would be termed as ‘stage’ of 
the turbine, each stage comprising its sets of nozzles and 
blades. 

This is equivalent to splitting up the whole pressure 
drop, into a series of smaller-pressure drops, hence the term 
‘pressure-compounding’. The nozzles are usually fitted into 
partitions termed ‘diaphragm’ which separates one wheel 
chamber from the next. The wheels are mounted individually 
on the shaft or spindle and carry the blades on their 
periphery. Expansion of steam takes place wholly in nozzles, 
the space between any two diaphragms being filled with 
steam at constant pressure. The pressures on either side of 
diaphragm are therefore different, the greater difference of 
pressure occurring in first few stages. Hence the steam will 
tend to leak through the space between the bore of diaphragm 
and the surface of the shaft or the wheel hub. Special devices 
are fitted to minimise leakages. 
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Fig. 5.20. Pressure compounding. 
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The pressure compounding causes 4a smaller. 
e in eat 


transformation of heat energy into K.E. to take plac 
stage than in simple impulse turbine. Hence the stesi 
velocity is much lower with the result that the blade velot | 
and rotational speed may be lowered. 


Although the leaving velocity may bear the same rat 
of the steam velocity at the nozzle outlet as it does in ee 
impulse-turbine, yet the K.E. at exit is a fraction of E 
energy, consequently the leaving loss in a pres 
compounded turbine is also a fraction of heat associated ' 
the simple impulse turbine and it is usually one oF m 
cent of the total available energy. 


This type of turbine was developed by late 
A Rateau of Paris and on the other hand by Dr. 
Zurich and hence Rateau and Zoelly are the classific 
of this type of turbine. PF 

Pressure Velocity Compounding: It cil 
combination of pressure compounding as well as ew ed 
compounding. The total pressure drop of the steam is di” 
in stages and then velocity of each stage is compoun®” ™ 
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tage of combining these two types is to allow a bigger 
ai e drop in each stage and hence less stages are 
ee ary which require a shorter turbine for a given pressure 
ne 
drop. The pressure and velocity curves of this type of turbine 
o shown in Fig. 5.21. The diameter of such a type of turbine 
a aces in each stage; this is done to accommodate for a 
oe ger volume of steam at the lower pressure. The pressure 
is constant in each stage and the turbine is therefore an 


to minimise loss of kinetic energy as in the case of impulse 
turbine. Instead of nozzles there are guide blades which 
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convert the pressure energy into kinetic energy. The steam 
passing over the moving blades has the difference of pressure 
at the inlet tip and exit tip and hence there is a drop of 
pressure in steam while passing over the moving blades, but 
in the case of impulse turbine the pressure remains constant. 
The fixed blades serve the purpose of nozzles which change 
the direction of steam and at the same time allow it to expand 
to a higher velocity, the pressure of steam falls as it passes 
over the moving blades and hence these turbines are called 
reaction turbines. The diameter of each stage of this type of 
turbine must increase after each group of blade rings in order 


to accommodate the increased volume of steam at lower 
pressure. 


N 
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Fig. 5.22 


Flow of steam through turbine blades. The 
following are the notations used in connection with velocity 
triangles of steam turbines. 

v = Linear velocity of blades in metre/sec. 

V, = Absolute velocity of steam entering the moving 
blades in metre/sec. 
V3 


= Absolute velocity of steam leaving the moving 
blades. 


Vai = Velocity of whirl at entry of moving blades. 
(Tangential component of Va) 


Vie = Velocity of whirl at exit. (Tangential component of 
V3) 
2 
Va = Velocity of flow at entrance. (Axial component of 
V 


1 
f= Velocity of flow at exit. (Axial component of V, ) 


V = Velocity of steam relative to moving blade at 
entrance. 


V.» = Velocity of steam relative to moving blade at exit. 


a = Angle which the entering steam makes with the 
tangent of wheel at entrance, or the exit angle of 
fixed blade but more commonly the nozzle angle. 


P = Angle which the discharging steam makes with the 


tangent of wheel at exit, or the entrance angle of 
fixed blade. 


0 = Inlet angle of moving blade. 

ọ = Exit angle of moving blade. 
W = Weight of steam flowing over blades in kg/sec. 
Q = Volume of steam flowing over blades in m?/sec. 
d = Diameter of blade drum in metre. 
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The suffix 1 represents the inlet condition of steam 
and suffix 2 represents the outlet condition of steam. 

The jet of steam impinges on the moving blades at the 
angle alpha to the tangent of wheel with a velocity V, which 
is the absolute velocity of steam. This velocity V, has two 
components, one tangential component V and other axial 
component V,,. The former is called the whirl component and 
since it is in the same direction as the motion of blades, 1t 1s 
the actual component which does work on the blade. The 
- latter is called flow component, since it is perpendicular to 
the direction of blade’s motion and hence does no work, but 
this component is responsible for the flow of steam through 
the turbine. Also this component causes the axial thrust on 
the rotor. 


«—_— Vm ——1 
þe— v — 
+e] 






Bi Moving 
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Fig. 5.23 


The moving blades are moving with a tangential 
velocity v in horizontal direction and the jet of steam with 
velocity V, at the angle a to the horizontal direction, both 
being in motion so actually steam enters the moving blades 
with a relative velocity V, which can be obtained by 
subtracting the v and V, velocities and at some angle say 8}. 
But in order to have a smooth flow of steam while passing 
over the moving blades, the jet of steam should enter the 
moving blade tip at the entrance angle of moving blade i.e. 6 
so that the angles, 8, and 8 are same. When the angle 9, is 
equal to 9, the steam is said to glide over the moving blades 
and the flow of steam is smooth and steady. In actual practice 
both these angles are same and we denote them by 8. 

Similarly the outlet velocity triangle can be explained. 

Work done by steam on moving blades. The work 
done can be found out by change of momentum at inlet and 
outlet. The reaction of this change of momentum on the blade 


will be propulsive force. Considering that the W kg of steam 
is used. 


Momentum at inlet = — V 
, g wl 
Momentum at outlet = — V 
g w2 
Change of momentum = —(y 1— Vo) 
g w w2 
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This change of momentum according to the Se 
law of the Newton is equal to impressed force or simply ¢ 
and hence tangential force on the blade is equal to changa 


momentum. 


W 
& 


Work done on blades 


= Force x distance per Sec d 4 
per sec. A g 


= ud (V ai- Vag TE 
E 


Horse power developed 


_ W (Vor = Vu2) 
Zz 6 


Work done per kg of steam 
=— (Vag Vow 
E 


Energy supplied to blades per kg of steam = r 
Blade or diagram efficiency 
Work done on blade 

~ Energy supplied 

E Hais V2) X 28 _ 2v(V 1 - V 
o gx o vy 
Stage efficiency 

Work done on blade 

~ Total energy supplied per stage 

Stage efficiency, 


Ww 


gxAhxd 





2g 
= blade n x nozzle n 
Thus the stage efficiency is the same as blade efficient 
except losses in nozzles. 


Axial thrust is due to the difference of flow comp ene 
of velocities as inlet and outlet. 


Axial force on wheel = Woy — V,,) 
g fl "P 


l id 
In all the turbines either the axial thrust is 2eT° we 
1S possible only when Va = V, or thrust bearings mv 
provided so that axial thrust can be taken by it. 


. pee 
The efficiency of impulse turbine is maximu™ k 
blade spec , y = 710080 
2 


. 1’ 
and the efficiency of reaction turbine is maximum wher; 


V cos a o 
| = acl 

_ The maximum efficiencies of impulse and T° 
turbines respectively are 
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2 æ | V, cos 2 
cos | in 88 a] ang 2O E 
2 V,, cos 0 1+ cos* o 


Reheat Factor is defined as the ratio of cumulative 
enthalpy drop to isentropic enthalpy drop. Fig. 5.24 shows 
the expansion of steam in three stage turbine. For the first 
stage, Ar» B, is the isentropic enthalpy drop, out of which 


AC; 
; 191 
stage efficiency. At the exit from the first stage, the steam is 
at A, and not at B. Thus the quality of the steam at exit 
from first stage is improved. 





A, Cis the useful enthalpy drop. The ratio is called 
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Fig. 5.24 
. AC» 
2nd stage efficiency = 
A,B» 
AC 
and 3rd stage efficiency ee ti 
A3B3 


For the three stage turbine, 

Cumulative heat drop 
~ Isentropic enthalpy drop 
(A,B, + ABs + A3B3) 
a A,D 
The value varies between 1.02 to 1.06. | 


The reheat factor depends on turbine stage efficiency, 
initial pressure and temperature, exit pressure, and number 
of stages. 


Due to reheat factor the efficiency of a turbine as a 
whole is more than its individual stages and the efficiency of 
the complete turbine is known as internal efficiency of the 
turbine. 


Reheat Factor (R.F.) 


Internal efficiency 
7 Total useful heat drop _ (AyCy + AgCe + A303) 
Isentropic heat drop AD 


A,B, + A,Bo + A3B3 
= stage efficiency x R.F. 
assuming stage efficiency constant for all stages.— 
Condensers. In order to get more work out of steam, 


it has to be expanded to as low pressure as possible. But at 





the same time, if steam be expanded too much below the 
atmospheric pressure, it becomes a problem to handle large 
quantity of high specific volume steam. It can’t be discharged 
into atmosphere as atmospheric air being at higher pressure, 
will get into it. Further team being made from demineralised 
water can’t be wasted and has to be reused. If it be compressed 
hen we will have to spend more work than the work done by 
expansion, due to losses in pump. 

One possibility to achieve this is that steam be first 
condensed and then compressed. In this case for compressing 
low pressure water, work done will be less. So obviously the 
importance of condenser is realised in increasing the 
efficiency of steam turbine plant. 


For condensing the steam, we require cooling water. 
Generally due to shortage of water, same water has to be 
used again and again. Therefore, the temperature rise of 
cooling water must be moderate. Therefore, the temperature 
rise of cooling water must be moderate. Usually for 1 kg of 
steam, 100 kg of water is needed. Also colder the available 
water, more will be steam condensation and hence lower back 
pressure. Therefore, the temperature of the water sets limit 
for back pressure and in cold countries, lower vacuum 
pressure can be achieved. 

Thus to summarise, the functions of condenser are (i) 
to provide the lowest economic heat rejection temperature 
for the steam cycle, and (ii) to convert the exhaust steam to 
condensate for the use in the cycle. In addition condenser 
also serves as a suitable point where the usable drains for 
feed heating and other auxiliary plant are reintroduced in 
feedwater and make up water added. 

Types of Condensers 1. Mixing or contact type. 

2. Surface type. 


Mixing Type Condenser 


In mixing type of condenser, water actually mixes with 
steam and condenses the steam. Heat transfer is by direct 
conduction. 


Advantages and disadvantages of this are: 
Advantages. 


1. We require less quantity of cooling water. 


2. The effective area for heat transfer is reduced, 
therefore condenser is small and economical. 


Disadvantages. Either the cooling water used should 
be of high purity or the condensate should be discarded, if 
the cooling water is not high purity. 


Mixing type of condensers can be further classified as 
1. Barometric type, and 2. Low level jet type. 


Barometric type condenser. In the barometric type 
of condenser, cold water is pumped on the top of condenser. 
Water falls down the baffles and on its way comes across the 
uprising steam. Thus the steam is condensed and the 
condensate and cooling water move down. Since the 
condensate is at vacuum pressure, it can’t be discharged into 
atmosphere. In order that atmospheric air does not get into 
condenser and condensate moves out itself, the pipe carrying 
the condensate in made 10.3 m long and always kept 
submerged into water. So the advantage here is that we 
require no extraction pump for pressurising the condensate. 
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Barometric type Low level type 


Fig. 5.25 


But as the condenser is to be located at a high level, it 
requires strong foundations. 

Low level jet type condenser. Since vacuum is there 
inside the condenser, water reaches in from pipe 2 and is 
sprayed from nozzle in form of fine jets and spray. Here we 
require condensate extraction pump. 

Some air always keeps on leaking into the condenser 
from atmosphere and some air is also dissolved into cooling 
water which is given up while coming in contact with the hot 
steam. This air, if accumulated into the condenser, will soon 
destroy the vacuum. So to maintain the vacuum, air must be 
continuously pumped out. But along with air some water 
vapour also moves out. This represents loss of condensate 
and more amount of work on the part of air extraction pump. 
So we should try to have minimum quantity of water vapour 
and for this the air extraction pump should be located at the 
coldest place i.e., near the cooling water inlet. 


Exhaust steam inlet 


Tubes carrying 
cooling water 









Condenser 
shell 


Steam 


ike _ Condensate 
Deaerating mE ——- 
hot well ~ (== Condensate 
ae discharge 


Fig. 5.26. Surface condenser. 


Surface condenser. In surface condenser, water 1s 
not at all mixed with the steam. Usually in a round shell 
there are large number of tubes, through which cold water 
flows Hot steam is outside these tubes and due to heat 
transfer the steam is condensed and the condensate collected 
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condenser. The condenser shell of 
truction and is fabricated in several Mode 
te. The condenser shell is to turbine ctin 
lding or bolting. A baffle is provid, ay 


t air cooling zone is provide a Nea, 
ar th 


2M yp 


at the bottom of 
units a large cons 
to assembled at Sl 
either by butt-we 
the air outlet, so tha ) 
baffle and thus the air extraction pump sucks out less 


of water vapour. 
Here the tubes should be arranged properly s 


e time in contact with some tube or other nt 
OU 


steam is all th ta 
ooling area 1S increased. 


the effective c 


Modern Condensers 
Modern condensers are generally of the Surface ț 

nt to decide carefully vacuum to be maintain.. 
ser as the gain in efficiency of plant due iy 
sed cost of the cooling plant to he 
low vacuum follow the Jaw of diminishing returns’, At a 
low vacuums the volume of each kg of steam increases rapid} 
accordingly size of condenser should also be big, the ves 


at exit of I.p. stage has to b 


increases. 
The important considerations in design of condense, 


It is importa 
in the conden 
vacuum and the increa 


are: 
(i) to attain lowest economic heat sink temperature 


(ii) to restrict under-cooling of the condensate 
(iii) effective removal of non-condensables in steam and 





e high and the leaving log | 


- ~<a 


air from leakage. Arrangement for cooling the air toa 


maximum extent should be provided. 

(iv) effective prevention of cooling water leakage and 
its easy detection 

(v) effective deaeration of condensate 

(vi) pressure losses in the turbine I condenser 
connecting should be minimum and steam s 
distributed over the whole cooling surface. 

(vii) minimum overall surface size of conde 
consistent with main requirements 

(viii) economy of space usage allowing good steam flow 
and less pressure drop 

(ix) minimum cooling water losses 

(x) ease of erection and maintenance. 

There are three ways of supporting the condense! 

(i) completely separately from the turbine 
(ii) integrally with I.p. turbine 
(iii) Sharing load between independ 
and the turbine foundation block. 

As the condenser length for big size un 
much, the condenser tubes need to be supported alon 
length by mild steel plate suitably drilled with clear? 
holes. The plate and water box joints are usually mê rell 
bolted connections. Between water box and 5 no 
arrangements are made to take up differential expansi? be 
tubes and shell without causing excessive loading ° 
end fixing. The placing of tube plates should be SUC" ` pine 
tube vibration is induced either by resonance with es 
running frequencies or by steam from turbine exhaus™ , ; 


stl? 
A pressure relief valve in the form of but spe! 
d nse! ° 


nser 


ent, the turbine 


diaphragm or lifting disc in provided on the conde 
risation. 


in order to protect it against over-pressu 
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Arrangements are also made to easily detect the 
leakage zone in the condenser tubes. 


A series of baffles are also provided in the condenser 
in order to collect the condensate falling from upper tube 
banks to prevent further cooling by the tubes below; and 


provide adequate compartments for the accumulation and 
extraction of non-condensable gases. 


Upper 
Steam inlet part 
Condensate out Condensate C.W 







in to L.P.H.1, == outlet 


—— | 
pe; Flow 
water 
s | \H | box 


N 
3355 


MERA 


Condensate 
= } ff : outlet 
Condenser 12 m 
foundation Rear water box Circulating 
Springs water inlet 
Lower part 


Fig. 5.27. Typical 210 MW condenser. 


Fig. 5.27, shows a schematic drawing of a condenser 
used for 210 MW unit. From the dimensions one can have 
the idea of its size. It will be noted that condenser consists of 
two parts-upper and lower parts. Front water box, shell and 
rear water box constitute the lower part. Two end tube plates 
and six support plates are located inside the lower body of 
the condenser. From water boxes are divided into two parts 
to make condenser two pass design. End covers of water boxes 
are kept detachable for facilitating repairs and replacement 
of tubes. Man holes are provided for routine maintenance 
and visual inspection alongwith venting and draining 
arrangement for individual water boxes. Condenser tubes 
are secured to the end tube plates by expanding of tube ends 
which provides very good sealing arrangement against 
penetration of circulating water into the steam space. The 
tubes are so arranged that there is equal distribution of steam 
on the tube nest with minimum resistance to steam flow. 
Non-condensable gases are continuously sucked with the help 
of steam ejectors. 

In order to permit relative expansion between tubes 
and the body of the lower part, lens type compensator is 
Provided in the body itself at the rear water box end. This 
arrangement prevents deformation of the body and damage 
to connections between tubes and end tube plates. 

Upper part of condenser is designed to allow smooth 
flow of steam over tube next. It is strengthened from inside 
by gratings of longitudinal transverse rods and from outside 
by channels. These rigidity bars help the condenser to retain 
its shape against atmospheric pressure. In the case of BHEL 
condenser, two sections of low pressure heater number 1 have 
also been located inside the upper parts of the condenser. 

In order to allow expansion along the height, the 


condenser is supported on springs specially designed to take 
Up load, 
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The weight of the condenser and its tubes is taken by 
the springs and through them by the condenser foundation. 
The weight of the circulating water and of condensate along- 
with the thrust of the springs during expansion is transferred 
to turbine foundation. 


Baffle plates are provided to guide the steam flow on 
the tube nest and for collecting the condensate trickling from 
upper rows of tubes and directing it towards the intermediate 
support plates for flowing down the narrow layers, leaving 
the passage free from steam flow. 


Condenser Thermal Design 


A complex economic study is essential to establish the 
design parameters of condenser, viz., operating vacuum, 
water quantity and cooling surface, which again depend on 
the turbine exhaust area, cooling water temperature, and 
heat content of the steam at the turbine exhaust. 

The following features are kept in mind when 
designing a condenser : 

(i) Obtain maximum heat transfer rate without 
excessive pumping costs. This decides the size and thus the 
cost of the condenser. 

(ii) Attain maximum condensate temperature for a 
given vacuum, i.e., avoid undercooling of the condensate. 


Surface area Z of condenser is given by the relation, Z = 
Q/KAt 


Where, Q = heat rejected to cooling water by condenser 
_— 1 1 1 
K = heat transmission rate = — + — + — 
R, Rk, fk, 


R, = resistance of condensate film on the steam 
side of condenser tube 


R= tube metal resistance 
R,, = resistance of water side film 


to -b 

t, t 
At = loge —2— 

tz — t2 


t, = saturation temperature of steam under 
condenser vacuum conditions, t} and t, are 
cooling water inlet and outlet 
temperatures. 


Factors Affecting Selection of Condensers 


A condenser should be able to create the lowest 
possible vacuum and condense the steam at the best possible 
point of efficiency consistent with the cost. The design factors 
for condenser are : steam load, back pressure, and cooling 
water temperature. The following eight variables deserve 
special attention as these influence the initial cost, operating 
cost, and physical size of the condenser. The final decision 
about the size of condenser can be taken only after careful 
evaluation of the all these factors; and the turbine heat rate 
improvement, cost of pumping cooling water, and 
capitalisation of reduced station capacity. 

(i) Single-pass, double-pass or 3 — or 4 — pass (ii) tube 
diameter (iii) tube length, (iv) tube material, (v) cooling water 
velocity, (vi) cleanliness factor (vii) physical shape of 
condenser (viii) material, fabrication and transportation 
aspects. 
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Influence of cooling water temperature. It 1s 


important to understand that the actual back pressure In à 
condenser (designed for certain back pressure corresponding 
to some cooling water temperature available) will be quite 
consistent with the actual cooling-water temperature 


available. 

It is interesting to note the case of a typical 200 MW 
power plant using single pass condenser having 22 mm 
diameter, 9 m long tubes with 2.1 m/sec. water velocity. In 
order to produce 50 mm back pressure condensing surface 
as follows for different cooling water temperature would be 
required. 

9600 m? with 27°C 
7800 m? with 24°C 
1,2500 m? with 30°C 

It is obvious from these figures that there would be a 
great change in surface requirement of condenser and hence 
its cost with change in cooling water temperature to obtain 
same back-pressure. 


Number of passes in condenser. The choice 
between single and two-pass condensers is dependent 
principally upon the quantity of cooling water available and 
the pumping head external to the condenser. It is generally 
noted that a single pass condenser is somewhat smaller in 
size and therefore cheaper in cost. However the two-pass 
condenser would need less quantity of cooling water but more 
pumping head to pump water through the condenser. If the 
head, external to the condenser is more, then the total 
pumping capacity for two pass condenser will be low because 
requires less cooling water. For this reason, two-pass 
condensers are usually used with cooling towers. Single-pass 
condensers would be best for power stations located adjacent 
to large lakes or rivers. It is obvious from above that selection 
between single or two pass condenser upon comparison 
between operating costs and first cost of the condenser. 


Tube size. It has been found that the condensing 
surface requirement may be 6% less for 25.5 mm outside 
diameter tubes and 6% more for 19.5 mm tubes as compared 
to 22.5 mm tubes. It is generally noted that the size of the 
tube increases with size of the power plant. The cooling water 
requirement and pumping power increase with increase in 
size of tubes. However, condenser first cost is inversely 
proportional to the size of the tubes and hence the decision 
for size of tube can taken between by considering the first 
cost and cooling water pumping costs. Another important 
factor to favour larger diameter tubes is that it has less 
tendency to plug or foul. 


Tube length. These usually vary between 7.2 m to 
9 m. The cooling water requirement, B.H.P. and relative cost 
decrease with increase in length; there being a slight increase 
in surface requirement with increase in length. Longer tube 
lengths are generally preferred, due consideration being given 
to the space required to pull the tubes, and the means to 
obtain proper steam distribution to the entire tube length 
and in order to get good performance. 


l Tube material. Admiralty metal (70% copper, 29% 
zinc and 1% tin) is the most commonly used material for 
condenser tubes, because of its high transfer. It is interesting 
to note that aluminium would require minimum surface area, 
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ed because of high initial cost. Other k 
denser tubes are arsenic Copper ateri 
aluminium brass, aluminium bronze, alloy of 90% a Mung 
10% nickel, alloy of 70% copper and 30% nickel, “ta 


Cooling water velocity. The normal value Of con 
water velocity ranges from 1.8 to 2.4 metre per Secon à 
the cooling water velocity increases heat transfer is impr 
friction losses and B.H.P. requirements increase, the te . 
water requirements increase, and condenser inca ’ 
requirement decreases to do the same job. The tube lif, ae : 
decrease with higher velocities due to possible incr, 
erosion or corrosion. Considering all these factors, the 
adopted for cooling water velocity is 2 or 2.1 m/sec, Howey, 
the surface required and the cost influence its selection e 


Cleanliness factor. Usually cleanliness factor of 854 
is assumed. It depends on the contamination of cooling waty 
available. It should be determined very carefully as the sių 
and cost of condenser increase with decrease in cleanling, 


factor. | 
Size and shape. The size and shape of the condense | 
must be determined accurately to do the job best. Smalle, 
sizes (1 m to 3.6 m diameter) are usually made round, Ov 
condensers limit overall height in small areas. Rectangular 
shapes are advantageous in limited spaces. Condenser shape 
is an important economic consideration and its shape shoult 
be such that steam distribution is adequate and sufficient 
sealing head is provided for condensate pumps. Erection and 
transportation facilities determine how the condenser should 
be sectionalised. However, attempt should be for minimum 
number of pieces. 
Air Leakage 
Air may leak into condenser through joints, packing _ 
and glands in any part of the low pressure heaters and stean 
side of condensing system under vacuum. The dissolved air 
in feedwater also gets liberated in the condenser. 
Air leakage in condenser is not at all desirable as it 
(i) increases the back pressure and reduces work 
done/kg of steam 
(ii) is incondensable and has a high resistance to heal ) 
transfer thereby making the cooling ineffective 
(iii) reduces the cooling surface available f 
condensing the steam í 
(iv) lowers the partial pressure of steam as 4 result? 
which the latent heat of steam increases and more coolio 
water is required. | 
Air extraction equipment is therefore ess 
maintain the desired vacuum in the condenser. 


but is not us 
used for con 


value 


-ane rgo -a ee =- 


ential to 


Air Ejectors 
It has to perform two types of duties. 


(i) raise vacuum initially when it has to dea 

with a large quantity of air pen 

(ii) remove air under normal operation condition W f 

the quantity of air to be exhausted is lower. Extr ae ef 

unwarranted quantity of water vapour from the conde inf 

steam space is also not desirable as it means high © 

cost and wastage of condensate. This can be taken carr ai 

extraction air from undercooling zone i.e., beneat Jens 

extraction baffles where cooling tubes cool air and co” 
as much water vapour as possible. 
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Fig. 5.28. Two stage steam jet air ejector. 


_ BHEL 210 MW unit uses one starting ejector, two 
mamn ejectors (one working and other standby) and one gland 
steam cooler to extract the noncondensable gases from the 
udenger, Starting ejector is used during initial starting 
renee in parallel with main ejectors in order to pull the 
500 yi very fast. When the vacuum in the condenser reaches 

it mm, of Hg col. the starting ejector is switched off. 
the a; 


he air egland steam cooler has its own ejector which sucks 
S 


turbi team mixture from the end sealing glands of the 
me cylinders, 


hamber ” Starting ejector consists of a nozzle, a cama 
equi connected with the condenser, and a diffuser. It 
Steam at low parameters (max 4-5 kg/cm? gauge 
or nd 250°C temperature) which may be taken from 
: j auxiliary steam source. Steam expands in the 
S Pressure energy is converted into kinetic energy 
Bin pocng Supersonic velocity jet pa a 
a om the nozzle entrains the surrounding air [ 
Ser. The air and steam mixture is then compresse 
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ae diffuser to a Pressure slightly above atmospheric 
Pressure and then exhausted into atmosphere. 

Main ejectors are used to extract non-condensable 
Bases from the coldest zone of the condenser. These also 
require low pressure Steam (4.5 kg/cm? (g), and 250°C) taken 
from the deaerator or auxiliary source. The heat energy of 
Steam in utilised to the fullest extent by interposing the 
€Jectors in feed 


heating cycle thereby improving the overall 
efficiency of the cycle, 


The main ejectors consist of three compression stages, 
comprising of nozzle and diffuser, with intercoolers and after 
coolers. The first stage of the suction chamber is connected 
to the condenser. The convergent divergent nozzle is designed 
to accelerate the steam flow, thereby reducing the steam 
Pressure to 0.03 kg/cn? abs. In the first stage of suction 
chamber, The low pressure in suction chamber thus sucks 


the non-condensable gases from the condenser. 


The steam and gas mixture enters the diffuser inlet 
and while Passing through the diffuser, the kinetic head is 
converted to pressure head. The steam and gas mixture flows 
over to the tube nest and steam gets condensed while non- 
condensable gases flow to suction chamber of second stage. 
The same phenomenon happens is second stage and third 
stage during, which all the steam gets condensed and gases 
are exhausted to atmosphere through air measuring device. 
The main condensate is used as cooling medium for inter 
cooler and after coolers. The water box of ejectors is divided 
into different zones in such a manner that cold condensate 
first flows through the first stage intercooler and thereafter 
through second and third stages simultaneously. 

Air Pumps. When steam at low pressure and 
temperature condition is not available economically, then air 
pumps of rotary, or liquid ring or hydraulic type may be used 
instead of steam jet air ejectors. 

Electrostatic Precipitators 


In electrostatic precipitators, the suspended particles 
from the gases are separated by utilising electrical forces. 
The process of separation requires three fundamental steps, 
viz. (i) electrical charging of suspended particles, (iz) collection 
of the charged particles in an electric field, and (iii) removal 
of the precipitated material from the collecting electrode to a 
receptacle external to the precipitator. 


The suspended particles in the flue gases are charged 
by artificially establishing a high voltage direct current 
carona (a highly active visible glow in the strong electric field) 
between a fine wire, or active electrode, maintained at high 
voltage and a smooth cylindrical or plate electrode at ground 
potential. In the active glow zone (near the wire) both positive 
and negative ions are formed in equal numbers, whereas over 
99% of the gas space between the wire and ground electrode 
contains only negative ions. As it is desired that the dust 
(suspended particles) should collect on the collecting plate 
(arranged around the central electrode) it is desirable that 
the central wire or electrode be maintained at negative 
polarity and the collecting plate ground. 


Particles collection is effected by subjecting the 
charged particles to a high-voltage direct current field 
maintained between suitable electrodes. The same field which 
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lised for this purpose in e 
ld is the continuation of ne 
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ecipitators can be 


is used to produce carona is uti 
plants, i.e., the collecting fie 
carona. (Refer Fig. 5.29 for schematic ( 
mentioned here that the electrostatic pr 
divided into two groups : 

(i) Single stage and 

(ii) Two stage precipitators. 





To power supply 


Discharge 


Dust on 


Fig. 5.29 


In the single stage, the charging of the articles in 
suspension and the precipitation of these charged particles 
are performed by one and the same electric field in the active 
part of the precipitator as already described. This method is 
well suited for cases where large quantities of gas are to be 
handled. In two stage, the particles are first charged in an 
ionisation zone and the collection of charged particles takes 
place in another electric field. These are suitable for small 
units such as air cleaning. The particles are accelerated 
towards the collection electrode by the coulomb force (which 
is proportional to the product of the particle charge and the 
intensity of the collecting field), but the motion is resisted by 
inertial and viscous forces. Depending on the equilibrium 
between these forces, the particles attain certain velocity 


(known as migration velocity) which increases with particle’s 
diameter. 


Charge and collecting field intensity. In a typical 
commercial precipitator, the particle charges actually 
achieved are of the order of 200 electron charges for one 
micron particles and 30000 electron charges for 10 microns 
particles, the magnitude and the Coulomb force is of the order 
of 3000 g (g = acceleration due to 
and about 300 g for a 10-micron 


particle. It may be 
mb separation forces 
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sential expansion and that 100% ¢, 
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theoretical ex] ‘ble only as an asymptotic limit, 


log i 
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Relative precipitator length 


Fig. 5.30 


In order that the particles collected on the Bround o 
passive electrodes do not get lost by re-entrainment in the 
gas stream while still inside the precipitator, some Suitable 
means have to be employed to remove them to an external 
receptacle. Re-entrainment may occur due to the following: 

(i) direct scouring of the collecting electrode surface 
by the gas stream. 

(ii) redispersion of collected particles during rapping 
of the electrodes. | 

(iii) seepage of collected dust from hoppers. 


Vulnerability to re-entrainment is dependent on two 
factors, viz. fundamental characteristics of the particles and 
the gas flow patterns. For example, very fine irregular shaped 
particles of size 1 micron or less, form on the collecting 
surfaces in loosely packed, low bulk density layers which are 
fairly cohesive and under the influence of the gas stream 
and rapping, they tend to break up into fluffy agglomerates — 
which settle slowly in the gas. In contrast, coarse dust 
particles of 50 micron size or greater generally lack 
cohesiveness and do not form agglomerates. These particles — 
tend to fall into the hoppers if they have high density but | 
will float lazily in the gas if they have low density. Finer — 
dust particles of a few microns size usually agglomerate well, — 
yet they have sufficient bulk density to fall rapidly into the _ 
hoppers. Further unbalanced, highly turbulent gas flow, | 
characterised by high gas velocity zones, swirls, jets and 
eddies is highly potent in Scouring and sweeping collected 
dust from the collecting plates and the hoppers and due to 
this the collecting efficiency is adversely affected. It will be 
appreciated that the precipitator efficiency may be raise 
from 85% to under poor flow conditions to 95% to 98% by 


correction of the gas flow for which purpose scale model study 
is made. 


| 
| 





Basic Design and Components. The type and size 
of electrostatic precipitator are determined by t”? 
following : 

(£) Basic properties of gas and particles handled, &® 
temperature, particle size, nature and distribution, chem!” — 
sompasiuion and physical properties of dust particles ; 

(tt) the gas flow ; 

(ttt) the required collection efficiency ; and 
(iv) process of collection. 

For small gas flows 





l d 
» pipe-type precipitators are uN 
whereas for larger gas flows dry collection dust-tyP 
precipitators are used. Pipe-type precipitators are also use 


for collection of mists and fogs and for applications requiri” 
water-flushed electrodes. i 
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Collecting Plates. The various possible types of 
collecting plates commonly used are : Opzel type, expanded 
metal type, rod curtain type and vee type. The collecting plate 
design should meet with the following requirements : 

(i) Good carona and high sparking voltage 
characteristics, ° 

(ii) Shielded or shadow zones for particle collection to 

keep re-entrainment losses at a minimum, 


(iii) Good rapping characteristics and 


(iv) high mechanical strength coupled with light 
weight. 

The opzel collecting electrode plate design permits 
maximum carona power to be applied under all conditions 
Plates are provided with dynamically designed baffles wich 
protect the plate surface against scouring by gas stream and 
promote smooth gas flow. As a result re-entrainment and 
draft loss are minimised. Collecting electrode size for pipes 
usually varies from about 15 cm in diameter by 2 metres 
long for small units, upto 30 cm in diameter by 5 metres long 
for large units whereas for collecting plates, the size varies 
from 60 cm to 90 cm width by 2 metres height upto 2 or 2.5 m 
width by 6 to 7 meter height or even bigger. 


_ ee LS Profile of 


























collecting 
Dust pockets electrode 
aP 
(Biss 

g” 

a5 
as a 
H os 
Lp 3 
3 ; 
Ø 5 
8G ø 
s 
ØA 
oy 
bg 
Lo 
o 

Fig. 5.31 
Tubular 
frame 


Helical discharge wire- 
(austenitic steel) 
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‘he collecting electrodes used by M/s BHEL, are 
Shown in Fig. 5.31. The special shape given to these is an 
approximation towards an ideal condition for precipitation, 
which calls for a circular profile. The pockets at the centre of 
the electrode trap the collected dust particles and minimise 
the re-entrainment of these particles dislodged at the time 
of rapping. Also, the configuration of the, electrodes facilitates 
application of maximum possible voltage for the given anes 
to produce a high space charge density. The disc = 
electrodes used by M/s BHEL, shown in Fig. 5.32 aea 
of austenitic steel wire. They are corrosion resistant and an 


magnetic throughout their length. They are twisted in the 
form of helix to give a definite number of turns. This results 
in almost evenly distributed and effective presentation of 
discrete (discharge) points, which aid the process of 
precipitation. The discharge electrode is provided at either 
end with a loop which permits easy mounting and 
dismiantling from the tubular frame. 


The carona-electrode design is dependent on the gas 
temperature, nature and concentration of particulates, and 
presence of corrosive gases or particles. Universally steel or 
steel alloy carona wires of 2.5 mm diameter have been used, 
though the square wires of size 3 mm to 6 mm diameter have 
advantages in a few applications because of their greater 
cross-section. Carona currents are usually in the range of 
0.03 milli-ampere to 3 mill ampere per metre of discharge 
wire, with voltages of the order of 30 kV to 100 KV. 


The rectified high tension supply to the individual 
zones (or in certain cases to two zones connected in parallel) 
of the precipitator is derived from the silicon rectifier units 
housed in a rectifying station. The station is usually located 
as near to the precipitator as possible in order to minimise 
the requirement of the H.T. cable lengths connecting the 
rectifiers and the electrostatic precipitator. The control 
cubicles, necessary switch-gears and the L.T. supply boards 
are also installed in the recitifying station. Single phase 
silicon rectifiers are available for output voltages upto 70 kV 
(peak) and a current of 400 to 600 mA. The silicon diodes 
and the high voltage transformer are housed in a common 
oil filled tank. The silicon diodes have the following favourable 
characteristics compared to types (selenium, mercury arc and 
rotating types) : 

(i) the silicon rectifiers are substantially smaller in 
size and hermetically sealed. 

(ii) these have high conductance and power handling 
capacity. 

(iii) these allow greater circuit efficiency and high 
temperature stability. 

It has been observed that the best precipitator 
performance is obtained with intermittent or pulsating wave 
forms and not with direct current. The reason for this is that 
the higher voltage and currents can be maintained with 
intermittent voltages under the sparking conditions which 
commonly exist in the precipitators. For these reasons most 
precipitators are powered by high-voltage unfiltered rectifier 
sets. 

The control system required for the electrostatic 
precipitators should fulfill following requirements : 

(i) To operate the precipitator by a current and a 
voltage that will vary according to the conditions in the 
precipitator, maintaing a high efficiency. 

(ii) to provide an inherent arc suppression by 
arranging for the power supply output to reduce practically 
to zero for the duration of an arc. 

(iii) to provide a back-up protection against sustained 
power arc or persistent low voltage conditions by means of 
an under voltage alarm circuit. 

To achieve optimum collecting efficiency under varying 
operating conditions, a smooth control of the rectified input 
to the precipitator is necessary. This is achieved by means of 
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a suitable transductor (saturable reactor) in series with ue 
main transformer. The control elements are O ee naaat 
sophisticated, utilising thyristors (silicon controlled recti nate 
and other semi-conducting devices. In this mode of control, 
the output current is set at constant value ana t 
voltage is continuously adjusted by control devices. : 

A triple feedback sensing spark rate, current pe : 
voltage is applied in the control circuit. This system ae 
maintenance of optimum spark-rate in the precipitator, 
despite variations in the line and load conditions. oar 
ammeters and spark-rate controllers are provided in the 
control panel to facilitate checking and measurement. 

It will be appreciated that a fly-ash precipitator 
designed for handling huge quantities of flue gases with just 
one section will not be able to produce a high collection 
efficiency, whereas if it is divided into two sections the 
collection efficiency will increase. It will be still higher if the 
precipitator is divided into more sections. The much greater 
efficiency of the larger sections arrangement basically results 
from the substantially higher precipitator voltage possible 
compared with a single large section. Thus the carona electric 
fields, in larger precipitators are usually sub-divided into 
multiple groups or sections, frequently referred to as high 
tension bus sections. 


d the operating 
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Fig. 5.33. Sectionalisation of precipitator. 


Theoretically best precipitator performance would be 
obtained by powering the individual sections by separate 
rectifier sets in order to reduce the bad effects of precipitator 
sparking and equipment outages, and to provide better 
matching of carona voltages and currents to the electrical 
characteristic of the gas and duct. But this is a costly proposal 
and usually the goal is an economic balance among degree of 
sectionalisation, precipitator size, and cost. In good 
arrangement of sectionalisation, both series, and longitudinal 
sections are formed as shown in Fig. 5.33. 


The horizontal flow plate type precipitators are most 
advantageous for treatment of flue gases in thermal power 
stations. This arrangement lends itself to sectionalisation of 
the precipitator into a certain number of working zones (or 
fields as sometime they are called) so t 
to each zone can be controlled independ 
the flow volume of gases to be treated 
dust burden etc., the electrostatic p 
designed as horizontal flow, plate type si 
chamber with 2 or 3 zones accommoda 
These are illustrated in Fig. 5.34. 


The various factors requiri i 
quiring due considerations at 
e design and erection stages for the proper functioning of 
e electrostatic precipitators are as under : 


hat the power input 
ently. Depending on 
collecting efficiency, 
recipitators can be 
ngle chamber or twin 
ted in each chamber’? 
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(i) Proper precipitator shell design and the Suppor. 


Usually shell is made of steel with appro, Qi 
steel structure Prop ut 
| 


heat insulation. 
interior 1S made of corro 


For corrosive gases and particles, the rig 
sion resistant materials, Sh, 
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Fig. 5.34. Types of designs of electrostatic precipitators. 


(it) The suspension and alignment of carona and the 
collecting electrodes must be accurate to within 5%. 


(iii) The high-tension frame should be rigid enough to 
maintain structural stability yet permit rapping or vibration 
of the carona wires. 


(iv) The suspension design should be such that it 
prevents the breakage of carona wire both due to arc burning 
at a support and fatique failure under rapping stresses. For 
this purpose very low resistance electrical contacts should 
be used at wire Supports to prevent arc formation and 
Supporting arrangements should be such as to minimise 
rapping stresses. 


(v) High tension electrical insulators made 
porcelain, fused silica and fused alumina suitably protected 
from fouling by moisture, dust or mists are used to supp 
the discharge electrode frame and also to provide a sufficient 
level of high voltage insulation. 


(vi) The dust-removal system for emptying the hopp 
placed under the collecting electrodes also plays a major 1% | 


in the successful operation of the precipitators. The prope! 
hopper design involves the factors such as storage capac 
hopper angle, prevention of moisture condensation, adeg? 
means of dust removal etc. 


(vii) The rapping mechanism required to remove 
collected material from the electrodes must be so desig?" 
that it maintains a proper balance between adequat? 
cleaning the plates and keeps the re-entrainment losses # 
minimum. The rappers can be either of impulse type 4 e 
produce an impact or hammer blow, or the vibrator w 
which produce a continuous vibration of some duration: jon 
impulse type is used for collecting electrodes and the vibra 


type for carona electrodes. tic 
e 


Now-a-days, advanced low voltage MIGI (mag? h 


impulse gravity impact) rappers are available whi 
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ple djust to provide rapping intensity i 
i Ap build up, inlet loadings, hane eir 
gance W ving intensity at different sections of the 

es. sana Be independently set from the control panels 
a i stomatically maintained at an optimum value 
# will nition s change. This feature permits electrostatic 
ps 1024 ‘ors tO operate continuously closer to the highest 
ta ofwhich they are capable. In such an arrangement 
cen” te cleaning with no re-entrainment is 


effec ally controlled and maintained. 
utom 


e Characteristic of Electrostatic 


The performance of electrostatic precipitators i.e., 
sllecting efficiency greatly is influenced by the following 
jncipal variables ° 
(i) Flow rate of flue gases ; 

(ii) Temperature of the gases ; 

(iii) Concentration ; 

(iv) Grain size distribution ; and 

(v) Chemical composition and the electrical resistivity 
of the particulate matter. 

As already emphasized the collecting efficiency follow 
an exponential law, which mathematically may be expressed 
as 

n = 100 (1 —e WEY) 
y = collecting efficiency of the precipitators in 
percentage 
W = average migration velocity of dust particles 
towards the collecting electrodes in cm/sec. 
L = effective length of the precipitator is m/sec. 
H=clearance between the collecting and 
discharge electrodes in cms. 
V = gas velocity inside the precipitator in m/sec. 
We will now see how each variable influences the 
performance. 
tom E a ect of change in gas velocity in the pe 
è ciency will he T it is obvious that the as E 
and other esi y reduced with increase eh ieee 
F 35, remaining unaltered. This 1s 1Htustr 


where, 


ig. 5 
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a üg Fig. 5.35. Collecting efficiency. 
i hite ft of change in gas temperature. The increase 


ing Stem 
TA three wan ture adversely affects the collecting efficiency 
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i (a) The volume of gas is increased causing a higher 
e of flow through the precipitator. 


__(6) The viscous resistance to the drift of the dust 
particles towards the collecting electrodes is increased. This 
results in a lower migration velocity with the consequent 
reduction in collecting efficiency. 


(c) The electrical resistivity of the particles increases 
SO that the tendency for the precipitated particles to re- 
entrainment in the gas is enhanced. 


(iii) Effect of change in concentration of dust particles. 
The precipitators are designed to handle and collect most 
efficiently the dust particles with certain limits of 
concentration. Thus as long as the changes in the 
concentration of the dust particles in the gas are within the 
limits of tolerance during normal operation, the collecting 
efficiency practically remains constant, and only the amount 
of the stack emission varies in proportion to the dust 
concentration. If concentration of the particulate matter 
exceeds the allowable limits, (e.g., due to burning of low grade 
coal with high ash content) the distribution of electric field 
between the two sets of electrodes is substantially affected. 
This may lead to the condition brining about the suppression 
of ionisation and carona current and ultimately toa drastic 
reduction in collecting efficiency. 

The effect of change in concentration of dust particles 
in illustrated in Fig. 5.36, for a typical case, drawing the 
curves between gas velocity and efficiency of collection for 
different concentrations. 
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Fig. 5.36. Effect of dust concentration on efficiency. 
(iv) Effect of change in grain-size distribution. The 
grain-size distribution of the particles has also a pronounced 


effect on the collecting efficiency. The higher the efficiency 
the more the fine particles must be caught and these 


desired, Nee 
be collected at a lower effective migration velocity. 


can only 

(v) Effect of change in chemical compostition/ 
resistivity. The chemical composition of the dust particles 
determines mainly the dielectric constant and thus the degree 
of charging. The chemical composition together with the 


temperature of the dust particles determines its specific 
electrical resistivity also. 
When combustion is not efficient or when low-volatile 


coal is burnt, flue gases contain high carbon content having 


low resitivity. 


Scanned by CamScanner 





This dust quickly loses its charge on anete 
collecting electrode, takes on a like polarity, and is repe f 
and re-entrained into the gas stream. This effect is mor 
pronounced in the tubular precipitators than in plate-type 


precipitators. 


High resistivity dust also causes serious loss of 


collecting efficiency. It results from burning of low sulphur 
coals. It has been observed that if coal contains less than 1% 
sulphur, the collection of the dust becomes more difficult. 
Under such conditions the collecting electrodes become coated 
with a layer of highly insulating dust which prevents 
migrating dust from discharging when it reaches the plates. 
This reduces the effective field strength and may even result 
in back discharge making it necessary to reduce the power 
input and thus result in poor efficiency. Thus high resistivity 
dust gives reduced collection performance and the effect 1s 
more pronounced with increasing fineness of dust. The 
remedy for it is either to increase the precipitator size or 
adopt some means of conditioning the dust surface to reduce 
its resistivity, i.e., injection of anhydrous sulphur trioxide 
vapour or ammonia into the duct preceding the precipitator. 

(vi) Influence of operating voltage on the collecting 
efficiency. The collecting efficiency of a precipitator depends 
to a great extent on the magnitude of the operating voltage. 
Hence, it is imperative to operate the precipitator at the 
highest possible level without undue flash overs. With 
decrease in operating voltage, the current, electric field 
intensity and the collecting efficiency decrease. 


It has been pointed above that the electrostatic 
precipitator is sensitive to many variable characteristics of 
the gas stream and the particulates to be collected. Thus for 
obtaining high collection efficiency, even the minor 
fluctuations that occur in nominally steady combustion 
process have an effect on the voltage level at which the 
precipitator must operate to achieve consistent maximum 
performance. 


The voltage applied to discharge electrodes 1S, 
therefore, automatically and continuously adjusted by a 
sensitive feedback control system, in accordance with 
fluctuations in conditions within the precipitator. A triple 
feedback system senses all three factors involved in 
maintaining highest-possible carona power under all load 
conditions i.e., sparking, high current demand, or high voltage 
demand. The requirement of voltage control is so severe when 
extremely high collection efficiency is required, that the power 
supply and control, and the discharge electrodes ar 
sectionalised. The voltage in each section follows a cont l 
path set by fluctuations in gas and particulat e 


below the break down volta 
current available for the re 
actual practice, the ne 


citfier. As 





rectifier combined with a transductor is specially wel] ite 
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for continuous automatic control. 


Cooling Tower | 
In power plants, cooling towers are employeg fo 

cooling the warm water from the condensers so that the s 

water after cooling can be reused for condensing the Steg 


The use of cooling towers becomes essential where plenty y 


cooling water is not available from river or sea for direc 
cooling. l 

A cooling tower can be considered as an enclosed deyi 
used for the evaporative cooling of water by contact with the 
air. In cooling towers, the cooling takes place partly by an 
exchange of latent heat resulting from the evaporation of 
some of the circulating water, and partly by the transfer of 
sensible neat. 

Although the cooling effect can be produced by cooling 
pond, spray pond, atmospheric tower, spray filled tower, wood 
filled towers also but these have limitations. The types of 
cooling towers used in thermal power stations are : 

(i) Atmospheric (Natural draught chimney) type 
cooling towers, and 

(ii) Mechanical draught type cooling towers. These can 
be either forced draught type or induced draught type. The 
further classification can be on the basis of directions of flow 
of air and water, according to which these can be either 
counter flow type or cross flow type. 


The cooling towers can also be classified as wet cooling 
towers or dry cooling towers. In wet cooling towers the cooling 
takes place by evaporation but huge quantity of water goes 
along with hot air into the atmosphere. In dry cooling towers, 
the cooling takes place by surface heat exchange, there being 
no drift losses ; of course, the initial cost is very high. 


Natural Draught Chimney Towers 


In natural draught chimney type cooling tower, the — 


air is induced by 
due to the following effects : 


a large chimney stack above the packing, : 


(1) the atmospheric air pressure difference due tothe 


chimney height; 


(it) induced draught due to wind velocity differentials: 


(iii) the temperature difference of the air heated by the 
water ; and 


(tv) increase in volatility due to vaporisation. 









Hyperbolic 
cooling tower 


Eliminators 


Water 
distribution 
system 
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Fig. 5.37. Hyperbolic natural draft chimney tower. 
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The advantages of this type of co oli towenane 
No mobenanice: pa rts and auxiliary drives are 
red. Thus the operating cost is minimum-anq the 
enance is negligible. 
(ji) Cooling effect produced is similar to that produced 
by mechanical draught tower. 


(iii) If designed properly, they can never break down ; 
of course, initial cost is high. | 


(iv) They can cope up with tremendous water loads and 
use comparatively small ground areas. 

(v) Cooling effectiveness is high due to cross flow of 
water and air. 

The various disadvantages are: 

(i) As the draught is produced mainly due to the 
height of chimney, the resistance of air flow must be kept to 
a minimum. : 

(ii) The cooling tower has to be built of considerable 


height to produce the draught and this requires special design 
techniques and high initial cost. 


requi 
maint 


(iii) The inlet hot water temperature must be kept 
hotter than the air dry bulb temperatures, and therefore, it 
is not suitable at places where dry bulb air temperature is 
high. 

(iv) It is very difficult to achieve to exact control of 
outlet water temperature and it depends upon the 
surrounding conditions of air. 


(v) Close approach cooling is not possible. 


Mechanical Draught Tower 


It utilises fans to move the air through the tower and 
gives the designer absolute control over the air supply and 
thus cooling effect produced. The correct quantities of air 
and suitable air velocities can be selected without restriction. 
In the natural draught tower there is restriction on the air 
resistance and thus lot of water goes as waste alongwith hot 
air into the atmosphere. But in the case of mechanical 
draught tower there is no such restriction and the drift 
elimination can be used to avoid water loss. Also there are 
no limiting factors of wind velocity or direction. 





baled Air out 
eed tala <— Eliminators 





Fig. 5.38. Mechanical draught cooling tower. 
The advant 
(i) There is 


c 
loser aPproach a 


age of mechanical draught tower are : 


close control of cold water temperature. A 
nd longer cooling range are possible. 





(či) It occupies less ground area 
(tii) The initia] 
not restricted. 


and is compact. 
cost is low and the location of tower is 


(tv) The pumping head is generally low. 
(v) Some of the velocit 
pressure and is recovered in 


. (vi) Orientation of 
wind direction. 


(vii) With efficient packing, approach temperatures of 
1 to 1.5°C are practicable though 3 to 7°C is usually preferred. 
Its disadvantages are : 


y pressures converted into static 
the form of useful work. 


tower is not restricted by prevailing 


(i) The operating and maintenance costs are high as 


additional fan requires horse-power and periodic checking is 
involved. 


(ii) It is subject to recirculation of the hot humid 
exhaust air vapours into the air intakes. If the wind velocity 
is not high, the same hot air will be recirculated back without 
producing any cooling effect. Thus the performance of the 
mechanical draught towers decrease with increase in wind 
intensity, until a certain critical velocity is reached, after 
which the performance improves, due to falloff in recirculation 

(iii) Exhaust heat loading and climate conditions can 
be very periodical to the economic use of this type of cooling 
tower. 


(tv) These are subjected to mechanical failure. 
(v) Vibration and noise from the fans may be 


objectionable and thus noise barriers need to be provided 
around cooling tower. 


Forced Draught Tower 

It is a type of mechanical draught tower having one 
or more fans located in the air intake. The fans blow the air 
into the tower across the packing. 


The advantages of forced draught tower are : 


(i) As the fan can be supported on the solid foundation 
on the ground, the vibrations are negligible. Also the 
mechanical equipment is readily accessible for maintains. 

(ii) Unlike the induced draught tower, the fan and its 
assembly are located in the comparatively dry air steam; and 
thus problem of moisture condensing and selection of suitable 
material is reduced. 

(iii) Fractionally it is more efficient than induced 
draught since velocity pressure converted to static pressure 
does useful work. | 


(iv) As the fan handles inlet cold air, the weight of air 


per unit volume is greater than in the induced draught 


arrangement. 
Its disadvantages are : } 

(i) Hot humid exhaust vapours are. aupiect to 
recirculation back into the low pressure alr intake are i 

(ii) As the forced draught fan size is m a ice 

to be used requir 
starters may have 
of fans, ae be noted that induced a is nay 
S  aeailable in bigger sizes and thus oi = e pia 
ia ber of smaller fans of hig er p phe 
arga Saeed arrangement results in more nols 
ith induc a 

hass itself provides some attenuation 
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(iii) There is a tendency for formation of frost at the 
fan outlets during winter operation and thus block or throttle 
the intake. 

(iv) Some types can be prone to recirculation of used 
air into the accessible low pressure fan inlet, and resulting 
reduction in performance may be substantial ; this occurs if 
outlet air velocities are low. However, the air may be ducted 
away at high velocity. 


Induced Draught Tower 
In this type of cooling tower, one or more induced 
draught type fans are located at the top of the tower. 
Its advantages are : 
(i) Large fans having low speed and low noise level 
can be used. 
(ii) Recirculation of used air is improbable due to high 
outlet velocity. 
(iii) More compact ground plan than forced draught 
design due to absence of fans on the side. 
Its disadvantages are : 
(i) High inlet velocities can drain in rubbish and thus 
air filters have to be fitted. 
(ii) The fan is more prone to vibration since it is 
mounted on a superstructure. 


(iii) Mechanical parts are located in a hot humid air 
stream. 


Air out t Fan 






Eliminators 


Water in 


Fig. 5.39. Induced draught cooling tower. 


The induced draught towers can be classified as 
(i) Counter flow induced draught tower and 

(ii) Cross induced draught tower. 

Counter flow induced draught tower : 


It provides vertical air movement across the filling in 
opposition to the water flow. 


In this type of cooling tower maximum performance 
is obtained as the coldest water comes into contact with the 
dries air and the warmest water with the most humid air. 


Its location can be such that a up to three sides of the 
tower are completely obstructed by adjacent building, 


provided that the remaining air inlets are suitable increased 
in size. 











The disadvantages of this type of cooljn Stes: 

(i) The fan horse power is high as the lo Tings | 
base is restricted and the inlet air velocity jy hias an i 
due to high inlet velocity, air born trash and die L Py W 
to go inside the plant, The fan horse power jg high care K 
of higher static pressure loss due to the resistan 
air travel against the falling water also, 


(ii) There is an uneven distribution of 
through the filling with very little movement n 
and centre of the tower. ey 


(iii) The hot water distribution system hag t, 
high up in the tower because the air intake at th, i “nat 
be unobstructed, thus making it inaccessible p e Ng 
maintenance. The high pumping head ig necesar, t 
more height of tower and as the water has to pass 
the nozzles. royi 


(iv) The water load capacity is limited, 


hr ig 
A Ay, ü 


Air he: ae 
HA ~ fo 
Cnr i} + 


Cross Induced Draught Tower 

It provides horizontal air flow as the water faji 
the air stream. 

This type of cooling tower has the follow: | 
advantages. Mig 

(i) The static pressure drop on the air gide ig i | 

(ii) The tower can be of low height and therefore ty 
pumping head is low. j 

(iii) The fill height is approximately same ag toy 
height and therefore there is more wood fill cooling Bura 
per unit volume of cooling tower. 

(iv) The hot water distribution system is quite eirp 
and convenient to operate and clean; as only 15 cmg to% 
cms of water depth has to be maintained over the top of t 
tower in distribution pan. | 


(v) The water temperatures in the basin very fromthe 
centre to the edges according to a definite pattern and thy 
it is possible to draw off water at any selected temperature, 


Higher water loading are possible for a given height, 

(vi) Air intakes can be full height of tower which d 
consequently of low silhouette blending well with 
architectural requirements. 

It disadvantages are: 


(i) The entire water feed is exposed to the air which 
accelerates the tendency for algae to grow and this can easily 
clog the orifices in the distribution pans due to insufficient 
pressure over them. Therefore a cover should be provide | 
unless installation is in-doors. | 


(ii) Location demands unobstructed air flow towards | 
each end of lower if of double inlet type. | 


(iii) Some risk of recirculation of saturated vapour" | 
there is sited in confined space. 


(iv) It requires greater ground area than the counte! 
flow tower. 


i ‘gy 


Dry Cooling Tower 


In dry cooling towers, water is cooled in finned or other 
shaped tubes by forcing or inducing atmospheric air actos 
the coil section. These are very useful where the wate! 
scarce and the drift losses which occur in evaporative c00 
towers can’t be tolerated. 
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, At very low temperature, the meltin 
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can be used with advantages where 
: a high temperature and there is no 
air can be heated. Their use elimin 


fluids to be 
upper limit 
ates water 
t, corrosion, 


For water, at pressures below atmospheric, 

(a) melting point rises slightly and boi 
drops markedly 

(b) melting point rises markedly and b 
drops markedly 

(c) melting point drops slightly and boji 
drops markedly 

(d) melting point drops slightly and b 
drops slightly 

(e) none of the above. 


ling point 
oiling point 
ling point 
oiling point 


g and boiling 


temperatures become equal. This temperature is 


(a) 373°K (6) 273.16°K 
(c) 8303°K (d) O°K. 
(e) 300°K. 


. The critical pressure at which latent heat of vapori- 


sation is zero is 


(a) 225.65 kgf/cm? (b) 273 kgf/cm? 
(c) 100 kgf/cm? (d) 1 kgf/cm? 
(e) — 1 kgf/cm?. 


. The latent heat of steam at pressures greater than 


atmospheric in comparison to latent heat at atmo- 
spheric pressure is 
(a) less 


(c) equal 


(6) more 


(d) may be less or more depending on temperature 
(e) unpredictable. 


- The saturation temperature of steam with increase 


IN pressure increases 

(a) linearly 

(b) rapidly first and then slowly 
(c) slowly first and then rapidly 
(d) inversely 

(e) none of the above. 


Carbonisation of coal is the process of 
(a) Pulverising coal in inert atmosphere 
(b) heating wood in a limited supply of air at 
temperatures below 300°C 
(c) Strongly heating coal continuously for about 48 
Ours in the absence of air in a closed vessel 
) binding the pulverised coal into brickettes 
e) enriching carbon in the coal. 
oke is produced by 
a pulverising coal in inert atmosphere 
b) heating wood in a limited supply of air at 
temperatures below 300°C 
Strongly heating coal continuously for about 48 
ours in the absence of air in a closed vessel 


(c 





maintenance cos 


11. 


However it 
economical com 


. Heating of d 


. The specific volume of steam with increa 





disadvantages are initial high cost ; less 


Snee f pared to evaporative cooling tower as the 
Pecilic heat of air is only one fourth that of water ; the 
ts like prevention of corrosion are high. 


(d) binding the pulverised coal into bricketts 
(e) enriching carbon in the coal. 


ry steam above saturation temperature 
is known as 


(a) enthalpy 
(c) supersaturation 


(e) supertempering. 


(6) superheating 
(d) latent heat 


- Superheating of steam is done at 


(a) constant volume (6) constant temperature 


(c) constant pressure 
(e) constant enthalpy. 


(d) constant entropy 


- 1 kg.m is equal to 


(a) 9.81 Joules 
(c) 427 Joules 
(e) 539 Joules. 
If partial pressure of air and steam be P, and p, 


respectively in a condenser, then according to 
Dalton’s law, the pressure in condenser is equal to 


(a) p,- P, (b) p,- P, 


(b) 421 Joules 
(d) 102 Joules 


(c) Pa +P, 


(e) 4 Pa X Ps. 


(d) Pa * Ps 
2 


. Equivalent evaporation is the amount of water 


evaporated in a boiler from and at 
(a) 0°C (6) 100°C 
(c) saturation temperature at given pressure 
(d) room temperature 
(e) 20°C. 
se in pres- 
sure decreases 
(a) linearly 
(b) slowly first and then rapidly 
(c) rapidly first and then slowly 
(d) inversely 
(e) none of the above. 


. The equivalent evaporation of a boiler is a measure 


to compare 
(a) the given boiler with the mode] 
(b) the two different boilers of the same make 


(c) two different makes of boilers operating under 
the same operating conditions 


(d) two boilers of same make but operating under 
different conditions 


Scanned by CamScanner 





(e)any type of boilers operating under any | 
conditions. | 


15. The coal requirement per kW hour generation in the 
thermal power plant is of the order of 


(a) 0.1 to 0.2 kg 
íe) 0.6 to 0.8 kg íd) 1.0 to 1.5 kg 
(e) 1.5 to 2 kg. 


16. Sublimation region is the region where 
(a) solid and vapour phases are in equilibrium 
(b) solid and liquid phases are in equilibrium 


(d) solid, liquid and vapour phases are in 
equilibrium 
(e) none of the above. 
17. Stoichiometric quantity of air is the 
(a) air present in atmosphere at NTP conditions 
(6) air required for complete combustion of fuel with 
no excess air 
(c) air required for optimum combustion so as to 
have reasonable excess air 
(d) air required to convert CO into CO, 
(e) air required to form an explosive mixture. 


18. One kg of steam sample contains 0.8 kg dry steam: 


it’s dryness fraction is 

ía) 0.2 (b) 0.8 
(c) 1.0 (d) 0.6 
(e) 0.5. 


19. If a steam sample is nearly in dry condition, then its 
dryness fraction can be most accurately determined 

by 
(a) throttling calorimeter 
(b) separating calorimeter 
(c) combined separating and throttling calorimeter 
(d) bucket calorimeter 
(e) none of the above. 

20. lf x, and x, be the dryness fractions obtained in sepa- 
rating calorimeter and throttling calorimeter respec- 
tively, then the actual dryness fraction of steam will 
be 





(a) x, x, (b)x,+ x, 
(c) “172 d- 
| x) Xp 
(e) x, ame, 
21. The specific heat of superheated steam i keaV/ko i 
generally of the order of ii ss 
(a) 0.1 b) 0.3 
(c) 0.5 (d) 0.8 
fe) 1.0. 
22. On Molli — 
i er chart, flow through turbine is represented 





ase M 
Barat 


So ate, 
- tA 

AA Ny 
y-a. : 


| 
(b) 0.2 to 0.4 kg 


(c) liquid and vapour phases are in equilibrium | 
| 
| 


25. 


27. 


31. 


. A wet vapour can be completely specified by 


- The bituminous coal is non-caking if its carbon ce 


- Water at pressure of 4 kg/cm? and 160°C tempe 


MECHANICAL ENGiNer. 


(a) horizontal straight line | 
(b) vertical straight line (c) straight inclined i f 
(d) curved line (e) none of the above 
(a) pressure only (b) temperature only 
(c) dryness fraction only (d) specific volume only 
(e) pressure and dryness fraction. 

On Millier chart, the constant pressure lines 
(a) diverge from left to right 

(b) diverge from right to left 

(c) are equally spaced throughout 

(d) first rise up and then fall 

(e) none of the above. 












On Mollier chart, free expansion, or throttling pr | 
cess from high pressure to atmosphere is representg 
by 

(a) horizontal straight line 
(b) vertical straight line (c) straight inclined line 


(d) curved line (e) none of the above. 


* 


tent is 

(a) 78-81% (b) 81-85% 
(c) 85-90% (d) 90-95% 
(e) 95-100%. 


The dry saturated steam at very low pressure, (5- j 
kg/cm?) when throttled to atmosphere will become | 


(a) wet (b) superheated 


(c) remain dry saturated 


(d) dry 


(e) none of the above. fe 
ture when exposed to atmosphere will S 
(a) boil = 
(b) flash i.e., get converted into steam 
(c) remain as it was 


(e) none of the above. s 


The dry saturated steam at very high pressure (150 


200 kg/cm?) when throttled to atmosphere ™ 
me ; 


(d) cool down 


nG 
K 
ps 
X 


( a) wet (b) superheated a 
(c) remain dry Saturated i 
(d) dry (eì none of the above. Fe 
In a throttling process c 


Ste we ; 


(a) steam temperature remains constant 
(b) steam pressure remains constant 

(c) steam enthalpy remains constant 

(d) steam entropy remains constant 

(e) steam volume remains constant. 


u “4p. g Ag Ma oo. mee 
ao ere a + s pao, 
=. RR 


as a 
be Golem 


est 
ee, 


side 


(a) heat transfer takes place | k 


a cite 


p~ 
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32. 


33. 


34. 


35. 


36. 


37. 


38. 


39, 


40. 
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(b) work is done by the expanding steam 
(c) internal energy of steam changes 

(d) all of the above 

(e) none of the above. 


The pressure at which latent heat of vaporisation of 
water is zero, is 


(a) below atmospheric pressure 
(b) 1 kg/cm? (e) 100 kg/cm? 
(d) 170 kg/cm? (e) 225.6 kg/em?, 


Latent heat of dry steam at atmospheric pressure is 
equal to 


(a) 539 kcal/kg (b) 539 BTU/b 
(c) 427 kcal/kg (d) 100 kcal/kg 
(e) 471 kcal/kg. 


The latent heat of steam with increase of pressure 
(a) remains same (b) increases 

(c) decreases 

(d) behaves unpredictably 

(e) none of the above. 

At critical point, i.e., p = 225.65 kg/cm?, the latent 
enthalpy of vaporisation is 

(a) maximum (b) minimum 
(c) zero 

(d) depends on temperature also 


(e) none of the above. 


At which pressure the properties of water and steam 
become identical 


(a) 0.1 kg/cm? 
(e) 100 kg/cm? 
(e) it is never possible. 


(b) 1 kg/cm? 
(d) 225.6 kg/cm? 


In an experiment to determine dryness fraction of 
steam, the mass of water separated was 1.2 kgin 15 
mts and the mass of steam passed out in same time 
was 4.8 kg. Dryness fraction is 


(a) 40% (b) 25% 
(c) 50% (d) 80% 
(e) 90%. 


While steam expands in turbines, theoretically the 
entropy 


(a) remains constant 
(c) decreases 


(b) increases 


(d) behaves unpredictably 
(e) none of the above. 


Heating wet steam at constant temperature is heat- 
ing it at constant 
(a) volume (b) pressure 
(c) entropy (d) enthalpy 
(e) none of the above. 

Adiabatic process is 


(a) essentially an isentropic process 


41. 


42. 


43. 


44. 


45. 


46. 


47. 





(6) non-heat transfer process 

(c) reversible process 

(d) constant temperature process 
(e) constant enthalpy process. 


The state of vapour under saturation condition is 
described by 


(a) pressure alone (b) temperature alone 
(c) pressure and temperature 
(d) pressure and dryness fraction 


(e) dryness fraction alone. 


Pick up the wrong statement about critical condi- 
tion of steam 


(a) latent heat is zero 

(6) liquid directly becomes steam 

(c) specific volume of steam and liquid is same 
(d) this is the maximum pressure limit 

(e) all properties of liquid and steam are same. 
Water boils when its vapour pressure 

(a) equals that of the surroundings 

(6) equals 760 mm of mercury 

(c) equals to atmospheric pressure 

(d) equals the pressure of water in the container 
(e) boiling has nothing to do with vapour pressure. 


If x is the weight of dry steam and y is the weight of 


water in suspension, then dryness fraction is equal 
to 


x 











@) (b) A 
x+y 
Ou Oi. 
x= y x—y 
T peim 


Mechanical equivalent of heat for 1 kcal or Joule’s 
equivalent is equal to 

(a) 427 kgm (b) 421 kgm 

(c) 539 kgm (d) 102 kgm 

(e) 75 kgm. 


Equivalent evaporation of water is the evaporation 
for a feed water supply at 100°C 


(a)and its corresponding conversion into 
saturated steam at 100°C and 1.033 kg/cm? 


(b) and its corresponding conversion into dry steam 
at desired boiler pressure 


(c) conversion into steam at atmospheric condition 


(d) conversion into steam at the same pressure at 
which feed water is supplied 


(e) none of the above. 


The evaporation of 15.653 kg of water per hour from 
and at 100°C is called 
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(a) evaporative capacity 
(b) factor of evaporation 
(c) equivalent evaporation 
(d) one boiler h.p. 
(e) boiler efficiency. 


48. If H is the total heat of steam in kcal/kg and h is the 











53 


sensible heat of feed water in kcal/kg, then factor of 
evaporation is 








H -=h H-h 
(a) 539 (b) 127 
H -h H-hħh 
(c) 102 (d) 7 
( H -h 
e) 735 ` 


49. The increase in pressure 


(a) lowers the boiling point of a liquid 

(b) raises the boiling point of a liquid 

(c) does not affect the boiling point of a liquid 
(d) reduces its volume 

(e) none of the above. 


50. During polytropic process 


(a) heat transfer takes place across cylinder walls 

(b) work is done 

(c) steam may be wet, dry or superheated after 
expansion 

(d) all of the above 

(e) none of the above. 


51. Hygrometry deals with the 


(a) Hygroscopic substances 
(b) water vapour in air 

(c) temperature of air 

(d) pressure of air 

(e) density measurement. 


52. Orsat meter is used for 


(a) gravimetric analysis of the flue gases 
(b) volumetric analysis of the flue gases 
(c) mass flow of the flue gases 

(d) measuring smoke density of flue gases 
(e) none of the above. 


. Alkaline pyrogallate is used in Orsat’s apparatus for 
absorption of 
(a) CO, (6) CO 
(c) O, (d) N, 


(e) none of the above. 


54. An ideal regenerative cycle ig 


(a) equal to carnot cycle 
(b) less than carnot cycle 
(c) more than carnot cycle 


55. 


56. 


57. 


58. 


59. 


60. 


461. 


62. 


63. 


64. 


_ (a) producer gas 


(d) could be anything 

(e) none of the above. 

Efficiency of Rankine cycle can be i increased by 

(a) decreasing initial steam pressure ang M 
perature , 

(b) increasing exhaust pressure 

(c) decreasing exhaust pressure 

(d) increasing the expansion ratio E 

(é) increasing number of regenerative heaters, _ : 


Cochran boiler is a 

(a) horizontal fire-tube boiler 
(b) horizontal water-tube boiler 
(e) vertical water-tube boiler 


(d) vertical fire tube boiler : 
(e) forced circulating boiler. E 
Lancashire boiler is a E 
(a) stationary fire tube boiler 

(b) stationary water tube boiler i 
(c) water tube boiler with natural/forced circulati f 
(d) mobile fire tube boiler ' 3 
(e) none of the above. E 
Efficiency of a thermal cycle increases by ; 
(a) regeneration (b) reheating of steam | 3 
(c) both (a) and (b) (d) cooling of steam f 
(e) none of the above. E 


One kilowatt-hour energy is equivalent to 
(a) 1000 J (b) 360 kJ 

(c) 3600 kJ (d) 3600 kW/sec 
(e) 1000 kJ. 


Which of the following gases has the highest i E 
value ? 3 
(b) coal gas. 

(c) water gas (d) blast furnace g4° 
(e) coke oven gas. a $ 
100% efficiency of a thermal cycle cannot be achiev” p 
because of F 
(a) frictional losses 

(b) it is not possible to achieve 0°K temperatur’ 
(c) leakage 

(d) non-availability of ideal substance 
(e) none of the above. 


ical | | 





For burning 1 kg of carbon to CO as per che 
correct combustion, amount of air require is 
(a) 1 kg (b) 4/3 kg 

(c) 8/3 kg (d) 2 kg 

(e) 16/3 kg. ' 
The diameter of Cornish boiler is of the order ° 
(a) 1-2 m (b) 1.5-2.5 m 

(c) 2-3 m (d) 2.5-3.5 m 

(e) 0.5 to 1 m. 

The length of Cornish boiler is of the order of 











(a) 2-4 m (b) 3-5 m 
(c) 5-7.5 m (d) 7-9 m 
(e) 9-11 m. 
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66. 


67. 


68. 


69. 


470. 


471. 


72, 


73. 


74, 


The diameter of fire tube of Cornish boiler compared 


* io its shell is | 
(a) one half (6) one third 
(c) one-fi (d) two-fifth 
(e) three-fifth. 


Steam engine operates on 

(a) Carnot cycle (b) Joule cycle 

(c) Stirling cycle (d) Brayton cycle 

(e) none of the above. 

The change in internal energy in steam engines 


equals to 
(a) work done during the Rankine cycle 


(b) work done during compression 

(c) work done during adiabatic expansion 

(d) change in enthalpy 

(e) none of the above. 

Water tube boilers are those in which 

(a) flue gases pass through tubes and water around it 

(b) water passes through the tubes and flue gases 
around it 

(c) work is done during adiabatic expansion 

(d) change in enthalpy 

(e) none of the above. 

Locomotive type boiler is 

(a) horizontal multitubular water tube boiler 

(b) water wall enclosed furnace type 

(c) vertical tubular fire tube type 

(d) horizontal multi-tubular fire tube type 

(e) none of the above types. 

Lancashire boiler is of 

(a) stationary fire tube-type 

(b) horizontal type 

(c) natural circulation type 

(d) internally fired type 

(e) all of the above. 

Fire tube boilers are those in which 

(a) flue gases pass through tubes and water around 
it 

(b) water passes through the tubes and flue gases 
around it 

(c) forced circulation takes place 

(d) tubes are laid vertically 

(e) none of the above. 

Which of the following substance will have same 

percentage in both proximate and ultimate analysis ? 

(a) ash (b) volatile matter 

(c) moisture (d) hydrogen 

(e) none of the above. 


The number of flue tubes in Lancashire boiler 1s 


(a) zero (b) one 
(c) two (d) four 
(e) many, 


Which of the following is a fire tube boiler ? 
a locomotive boiler 


(b) Babcock and Wilcox boiler 
(c) Stirling boiler 


75. 


76. 


TI. 


78. 


79. 


80. 


81. 


82. 


83. 





(d) all of the above 

(e) none of the above. 

Which of the following is a water tube boiler ? 

(a) locomotive boiler 

(6) Cochran boiler 

(c) Cornish boiler 

(d) Babcock and Wilcox boiler 

(e) Lancashire boiler. 

The diameter of cylindrical shell of the Lancashire 

boiler is of the order of 

(a) 1 to 1.25 m 

(c) 2 to 4 m 

(e) 2.25 to 4.5 m. 

A packaged boiler is one in which various parts like 

firing equipment, fans, feed pumps and automatic 

controls are 

(a) supplied by same manufacturer loose and 
assembled at site 

(b) supplied mounted on a single base 

(c) purchased from several parties and packed 
together at site 

(d) packaged boiler does not exist 

(e) none of the above. 


(b) 1 to 1.75 m 
(d) 1.75 to 2.75 m 


The biggest size of thermal power unit operating in 
India is 

(a) 30 MW (b) 60 MW 

(c) 100 MW (d) 210 MW 

(e) 500 MW. 

Which of the following coals has the highest calorific 


value ? 


(a) anthracite coal (b) bituminous coal 


(c) lignite (d) peat 
(e) wood. 
The high pressure boiler is one producing steam at a 


pressure more than 
(a) atmospheric pressure (b) 5 kg/cm? 

(c) 10 kg/cm? (d) 40 kg/cm? 

(e) 15-80 kg/cm?. 

The crown of the fire box is made hemispherical in 
order to 

(a) give maximum space 

(b) give maximum strength 

(c) withstand pressure inside boiler 

(d) resist intense heat in fire box 

(e) enable easy manufacture. 

Which of the following is steam coal ? 

(a) non-coking bituminous coal 

(b) brown coal 

(c) pulverised coal 

(d) coking bituminous coal 
(e) none of the above. 

The fire tubes in a Cochran an 


are 
(a) horizontal 
(c) inclined 


d Scotish marine boiler 


(b) vertical 
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i@) both horizontal and vertical 

ie) horizontal and inclined. 

S4. The diameter of internal flue tubes in a Lancashire 
boiler compared to its shell is 


(a) one-half (b) one-third 
(c) one-fourth (d) one-fifth 
(e) two-fifth. 


85. The basic purpose of drum in boiler is to 

(a) serve as storage of steam 

(b) serve as storage of feed water 
(c) remove salts from water 

(d) separate steam from water 
(e) control level. 


86. Duplex feed pumps are used in sm 
These operate on the principle of 
(a) centrifugal pump (b) axial flow pump 


for water wall 


all steam boilers. 


(c) gear pump (d) ejector pump 
(e) reciprocating pump. 
87. The best suited coal for chain or travelling grate 
stoker boiler is i 
(a) coking coal 
(b) non coking or free burning coal 
(c) pulverised coal (d) high sulphur coal 


(e) least ash content coal. . 
88. In natural circulation type boiler, 
(a) heating takes place at bottom and the water 
supplied at bottom gets converted into the 


mixture of steam bubbles and hot water which 


rise to drum 

(b) water is supplied in drum and through down- 
comers located in atmospheric condition it 
passes to the water wall and rises to drum in the 
form of mixture of water and steam 

(c) feed pump is employed to supplement natural 
circulation in water wall type furnace 

(d)water is converted into steam in one pass 
without any recirculation 

(e) water is fed at atmospheric pressure. 

89. One kg steam sample contains 0.4 kg water vapour. 
Its dryness fraction is 


(a) 0.4 (b) 0.6 
0.4 

(c) 7 (d) 0.4 x 0.6 
0.4 

(e) 06° 


90. Hard coke is produced by carborisation of coal at 
(a) atmospheric temperature 


(b) 500-600°C (e) 700—850°C 
(d) 950-1100°C (e) 1200-—1500°C. 
91. Hard coke is used in 
(a) cement industry (6) thermal power plant 
(c) blast furnace (d) domestic use 


(e) locomotives 


92. Pick up the correct stat 
ement as regards Corni 
boiler and Lancashire boiler he — 


93. 


95. 


97. 


_ The diameters of fire tubes and super 


_ Which of the following varieties of co 


‘MECHANICAL Exp. 







(a) cornish is fire tube and lancashire is y... 
(b) cornish is water tube and lancashire ey 
(c) cornish has two fire tubes and lancashiney, 
(d) lancashire has two fire tubes and sortie $ 
(e) both have two fire tubes. <E 
In locomotive boiler, maximum steam pres, 


limited to E 
(a) 1 kg/cm? (b) 5 kg/cm? 

(c) 10 kg/cm” (d) 18 kg/em* 

(e) 31 kg/cm”. 

Locomotive boiler is of the following type 

(a) multitubutar (b) horizontal 

(c) internally fired (d) mobile 

(e) all of the above. 

The shell diameter and length of locomotive ig 
are 

(a) 1.5 m, 4 m (b) 1.5 m, 6 m 
(c)1m,4m (d) 2m,4m 

(e) 1.5 m, 8 m. 


heater TE 
in locomotive boiler are 

(a) 47.5 mm, 1380mm (b) 32.5 mm, 180 £ 
(c) 65.5 mm, 210 mm (d) 24.5 mm, 65 == 
(e) 94 mm, 260 mm. _ 
The water tubes in a babcock and wilcos bole 
(a) horizontal f 
(b) vertical (c) inclined 
(d) horizontal and inclined 

(e) vertical and inclined. y 
als 8 
used in steam boilers ? 

(a) non-coking bituminous coal 
(b) brown coal (c) peat 
(d) coking bituminous coal 


(e) none of the above. fe 
ireula t.. E 


99. The diameter of tubes for natural CW" yrs? 
as compared to controlled circulation poil! 
(a) more (b) less 
(c) same , a n 
(d) could be more or less depending on ot? 
(e) none of the above. fe 
100. A boiler in India should conform to sale" 
tions of 
(a) DIN (b) BS 
(c) ASTM (d) IBR j 
101. The function of injector used 12 small 5 


is to 
(a) create vacuum in furnace 
(b) create vacuum at turbine exhaus 


(c) pump feed water 
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102. 


104. 


(d) dose chemicals in feed water 

(e) control steam temperature by injecting water. 
Which of the following boilers is best suited to meet 
fluctuating demands ? 
(a) Babcock and wilcox 
(b) locomotive 

(d) Cochran 


(c) Lancashire 

(e) cornish, 

The difference between cornish boiler and Lancashire 

boiler is that 

(a) former is fire tube type and latter is water tube 
type boiler 

(b) former is water tube type and latter is fire tube 
type 

(c) former contains one fire tube and latter contains 
two fire tubes 

(d) former has no fire tube and latter has 2 fire tubes 

(e) none of the above. 


In accelerated circulation type boiler 


(a) heating takes place at bottom and the water 
supplied at bottom gets converted into the 
mixture of steam bubbles and hot water which 
rise to drum 


(6) water is supplied in drum and through down- 
comers located in atmospheric condition it 
passes to the water wall and rises to drum in the 
from of mixture of water and steam 

(c) feed pump is employed to supplement natural 
circulation in water wall type furnace 

(d) water is converted into steam in one pass 
without any recirculation 


- (e) water is fed under high pressure and high 


105 


106. 


107. 


108. 


velocity. 
Pick up the wrong statement about water tube boiler 
in comparison to fire tube boilers 
(a) former generates steam at high pressure 
(b) former occupies less space for same power 
(c) rate of steam flow is more in former case 
(d) former is used for high installed capacity 
(e) chances of explosion are less in former case. 
The number of drums in Benson steam generator is 
(a) one (b) two 
(c) one steam drum and one water drum 
(d) no drum (e) none of the above. 
A fusible plug is fitted in small boilers in order to 
(a) avoid excessive build up of pressure 
(b) avoid explosion 
(c) extinguish fire if water level in the boiler falls 
below alarming limit 
(d) control steam dome 
(e) remove molten ash. 
The fusible plug in small boilers is located 
(a) in the drum (b) in the fire tubes 
(c) above steam dome 


109. 


110. 


111. 


112. 


113. 


114. 


115. 





(d) over the combustion chamber 

(e) at the inlet of chimney. 

Fusible plug for boilers is made of fusible metal con- 

taining tin, lead, and 

(a) bismuth 

(c) aluminium 

(e) iron. 

Boiler H.P. is defined as the 

(a) steam evaporation rate per kg of fuel fired 

(b) work done in evaporating 1 kg of steam per hour 
from and at 100°C into dry saturated steam 

(c) the evaporation of 15.65 kg of water per hour 
from and at 100°C into dry saturated steam 

(dq) work done by 1 kg of steam at saturation 
condition 

(e) heat consumed in evaporating 1 kg water at 0°C 
to steam at 100°C and 1.033 kg/cm? pressure. 

In forced recirculation type boiler, 

(a) heating takes place at bottom and the water 
supplied at bottom gets converted into the 
mixture of steam bubbles and hot water which 
rise to drum 

(b) water is supplied in drum and through down- 
comers located in atmospheric condition it 
passes to the water wall and rises to drum in the 
form of mixture of water and steam 

(c) feed pump is employed to supplement natural 
circulation in water wall type furnace 

(d) water is converted into steam in one pass 
without any recirculation 

(e) heating of water takes place in stages. 

The ratio of heat utilised to produce steam and the 

heat liberated in furnace is known as 

(a) boiler effectiveness 

(6) boiler evaporative capacity 

(c) factor of evaporation 

(d) equivalent evaporation 

(e) boiler efficiency. 

Steam in water tube boiler as compared to fire tube 

boiler 

(a) can be raised rapidly 

(b) is raised at slower rate 

(c) is raised at same rate 

(d) could be raised at fast/slow rate depending on 
design 

(e) none of the above is true. 


(b) copper 
(d) nickel 


Thermal efficiency of well maintained boiler will be 
of the order 

(a) 20% (b) 40% 

(c) 50% (d) 75% 

(e) 90%. 

Thermal efficiency of a thermal power plant is of the 
order of 

(a) 15% (b) 20% 

(c) 30% (d) 45% 

(e) 60%. 
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16. [tis required to produce large amount of steam at 
low pressure. Which boiler should be used ? 
(a) pulverised fuel fired boiler 


(b) Cochran boiler 


(c) Lancashire boiler 
d) Babeock and wilcox boiler 
(e) Stoker fired boiler. 


t17. The overall efficiency of thermal power plant is 


118. 


119. 


120. 


121. 


122. 





(a) boiler efficiency, turbine efficiency, generator 
efficiency 
(b) all the three above plus gas cycle efficiency 
(c) Carnot cycle efficiency 
(d) regenerative cycle efficiency 
(e) Rankine cycle efficiency. 
Which type of boiler can meet rapid changes of 
load ? 
(a) vertical fire tube type 
(b) horizontal fire tube type 
(c) horizontal water tube type 
(d) vertical water tube type 
(e) forced circulation type. 
In forced circulation type boiler 
(a) heating takes place at bottom and the water 
supplied at bottom gets converted into the 
mixture of steam bubbles and hot water which 
rise to drum 
(b) water is supplied in drum and through down- 
comers located in atmospheric condition it 
passes to the water wall and rises to drum in the 
form of mixture of water and steam 
(c) feed pump is employed to supplement natural 
circulation in water wall type furnace 
(d) water is converted into steam in one pass 
without any recirculation 
(e) water is heated in a large number of tubes. 
Boiler stays are used to 
(a) prevent flat surfaces under pressure from 
tearing apart 
(b) take care of failure in shear 
(c) take care of failure in compression 
(d) provide support for boiler 
(e) provide foundation of boiler. 
The radius of a dished head is taken approximately 


as 


(a) one-fourth (b) half 
(c) one (d) two 
(e) three. 


Size of boiler tubes is specified by 

(a) mean diameter and thickness 

(b) inside diameter and thickness 

(c) outside diameter and thickness 

(d) outside diameter and inside diameter 

(e) outside diameter alone. 

The heat loss in a boiler takes place in the form of 

(a) heat carried away by flue gases 

(b) heat carried away by ash 

(c) moisture present in fuel and steam formed by 
combustion of hydrogen in fuel l 
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(d) radiation 

(e) all of the above. 
The major axis of elliptical manholes on the shal 
should be provided 
(a) longitudinally 
(c) on dished end 
(e) vertically. 

In which of the following boilers, the draught in fun 
nace is increased by utilising exhaust steam from 
engine 

(a) Lancashire boiler 
(c) Babcock and wilcox boiler 

(d) Cochran boiler 

(e) Benson boiler. 

With increase in load, radiant superheater has 


(b) circumferentially 


(d) anywhere 


(b) locomotive boiler 


(a) drooping characteristic 
(b) linear characteristic 
(c) rising characteristic 
(d) flat characteristic 

(e) none of the above. 
With increase in load, convection superheater has 
(a) drooping characteristic 
(b) linear characteristic 
(c) rising characteristic 
(d) flat characteristic 

(e) none of the above. 


The diameter of fire tubes in Cochran boiler is of the 
order of 


(a) 2 cm (b) 6 cm 
(c) 8 cm (d) 12 cm 
(e) 15 cm. 


In a recuperative air preheater, the heat is trans 
ferred 


(a) from a metal wall from one medium to another 


(b) from heating an intermediate material and thet 
heating the air from this material 


(c) by direct mixing 


(d) heat is transferred by bleeding some & 
furnace 


ases from 


(e) none of the above. 

A safety valve in a locomotive starts leaking: Th 
leaking medium will be 
(a) water (b) dry steam 
(c) wet steam (d) superheated stea™ 
(e) supersaturated steam. 

The temperature of flue gases at air heater oule! 
should be 

(a) 100°C 

(b) above dew-point temperature of flue gases 


(c) below dew-point temperature of flue gases 
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POWER PLANT ENGINEERING 
(d) less than wet bulb temperature of flue gases 
(e) above wet bulb temperature of flue pases, 
192. In regenerative air preheater, the heat is transferred 
(a) from a metal wall from one medium to another 
(b) from heating an intermediate material and then 
heating the air from this material 


(c) by direct mixing 
(d) heat is transferred by bleeding some gas from 
furnace 
(e) none of the above. 
133. In designing air preheater, the important design con- 
sideration is that 


(a) approach temperature should be 
possible 


as low as 


(b) handling and maintenance should be easier 
(c) heat transfer area should be optimum 
(d) stack gases should not be cooled to the dew point 
(e) none of the above. 
134. The pressure of reheat steam after passing through 
reheater compared to inlet condition is 
(a) more (b) less 
(c) equal 


(d) may be more or less depending on capacity of 
reheater 


(e) none of the above. 
135. The function of injector used in small capacity boilers 
is to 
(a) create vacuum 
(b) inject chemical solution in feed pump 
(c) pump water, similar to boiler feed pump 
(d) add make up water in the system 
(e) none of the above. 


136. The safety valve at superheater as compared to drum 
safety valve setting is set at 
(b) lower value 


(d) any value 


(a) higher value 

(c) same value 

(e) none of the above. 
137. The height of chimney in a power plant is governed 

by 

(a) the draft to be created 

(6) limitation of construction facilities 

(c) control of pollution 

. (d) quantity of flue gases to be handled 
(e) all of the above. 


138. Steam exhaust from high pressure turbine is re- 
heated in 
(b) superheater tubes 


(d) a separate coil 


(a) boiler drum 
(c) economiser 
(e) a separate coil located in convection path. 


139. 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 





Vacuum for reciprocating steam engines compared 
to steam turbines is 


(a) more (b) equal 

(c) less 

(d) could be more or less depending on the size of 
plant 


(e) none of the above. 

Expanding steam to a very low pressure (high 
vacuum) in steam engines is 

(b) economical 

(d) optional 


(a) desirable 

(c) essential 

(e) uneconomical. 
In locomotives, the draught is produced by 

(a) chimney (b) induced draft fan 
(c) both combined (a) and (b) 

(d) steam jet draught 

(e) none of the above. 


Reheating of steam under ideal conditions takes 
place at constant 

(b) enthalpy 

(d) temperature 


(a) entropy 

(c) pressure 

(e) all of the above. 
The maximum discharge through a chimney occurs 
when the height of chimney is 

(a) infinitely long 

(b) around 200 metres 


(c) equal to the height of the hot gas column 
producing draught 


(d) outside temperature is very low 
(e) more than the tallest building nearby. 


Proximate analysis of fuel is determination of per- 
centage of 


(a) carbon, hydrogen, nitrogen, sulphur, moisture 
(b) fixed carbon, ash, volatile matter, moisture 

(c) higher calorific value 

(d) lower calorific value 

(e) rough analysis. 

Which device is used in thermal power plants to re- 
duce level of pollution ? 
(a) induced draft fan 
(b) smoke meter 

(d) precipitator 


(c) chimney 

(e) pulveriser. 
Bomb calorimeter is used to determine 

(a) Higher calorific value at constant volume 
(b) Lower calorific value at constant volume 
(c) Higher calorific value at constant pressure 
(d) Lower calorific value at constant pressure 
(e) None of the above. 


Ultimate analysis of fuel is determination of percent- 
age of 

(a) carbon hydrogen, nitrogen, sulphur, moisture 
(b) fixed carbon, ash, volatile matter, moisture 

(c) higher calorific value 
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MECHANICAL Exigy- 
a ) has highly corrosive effect 
id) lower calorific value id)h seh i 
(e) best analysis. ie) facilitates ash remov al. 
Ca a iT ? 3 ; ] 
148. For combustion of a fuel, following ìs e essential 156. sence of moisture in fuel oil would 


(a) correct fuel air ratio (a) keep the burner tips cool 


(6) proper ignition temperature | (b) aid in proper combustion 
(c) O, to support combustion | (c) cause sputtering, possibly extinguishing f.. 
(d) all the three above (d) clean the nozzles 


(e) none of the above. (e) reduce flame length. 


(a) all the fuel burns instantaneously producing > (a) prevent the bulging of flat surfaces 
high energy release (b) avoid explosion in furnace 

(ò) fuel burns with less air (c) prevent leakage of hot flue gases 

(c) coal bursts into flame without any external (d) support furnace freely from top 


ignition source but by itself due to gradual (e) prevent atmospheric air leaking into furnace | 

increase in temperature as a result of heat | 158. Water and sediment in fuel oil can be removed by | 

released by combination of oxygen with coal (a) heating the oil in the settling tanks 
(d) explosion in furnace | 


| (b) cooling the oil in the settling tanks 


149. Spontaneous combustion is a phenomenon in which 157. Gusset stays in a boiler are provided to 
| 
| 
| 















ic) decreases fuel consumption 160. Secondary air is the used to 


(a) provide air around burners for obtains, 
optimum combustion 


(d) decreases steam pressure 


(e) none of the above. | (c) burning the oil 
150. The economiser is used in boilers to (d) suspension i 
(a) increase thermal efficiency of boiler | (e) filtering. f 
(b) economize on fuel | 159. Pour point of fuel oil is the o i 
(e) extract heat from the exhaust flue gases i (a) lowest Saas which oil will flow under 
D; eË m | set condition í 
( nenas ue gas temperature | (b) storage temperat ' 
(e) to heat feed water by bled steam. | (c) temperat at which fuel is pumped throw 
151. An economiser in a boiler | burners 
(a) increases steam pressure ! (d) temperature at which oil is transported 
(b) increases steam flow (e) none of the above. 
4 
| 
| 
q 


(e) increases life of boiler. 
















(d) the exact analysis 
(e) its type. 


154. Primary air is the air used to 
ía) provide air around burners for obtaining | 





(b) transport and dry the coal 
=< \ . j _ 
152. O, — in atmospheric air on voume passas | (c) convert CO (formed in lower zone of furnal 
(a) 21% b) 23% into CO, at higher zone 
ie) 30% (d) 40% : (d) air delivered by induced draft fan 
le) TOZ. | (e) air fed to pulverisers. | 
s a t 
si 153. O, content in atmospheric air on weight basis is | 161. The behaviour of coal in a furnace is s determi? T 
a (a) 21% (b) 23% | (a) the content of sulphur 
Fume le) 30% (d) 40% (b) the content of ash and heating value 
le) 70%. (c) the proximate analysis 
b - | 162. Pick up wrong statement about desired proper 
opimum combustion ofa good fuel 
(b) transport and dry the coal 








(a) high calorific value 
(c) convert CO (formed in lower zone of furnace) 





i 
| | 
| (6) produce minimum smoke and gases . 
into CO, at higher zone (c) ease in storing j 
_ {dì air-delivered by forced draft fan (d) high ignition point 
a fe) none of the above. | (e) economical 
- Sulph lphur content of fuels is very important to the | 163. Sulphur in coal results in 
| 


operators because it (a) causing clinkering and slagging 
Es (b) corroding air heat 

) has high heating value f (c) = aia during coal storas? 
s electric precipitation an 


Eno | (d) facilitating ash precipitation 
imors complete combustion ! (e) all of the above. 


4 


E 
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u 
‘ do not form ash. 


(e) n order to be burnt, must be 
een C04" -antl (b) burnt i ; 
66 Gr jaa sufficiently rnt in excess air 
e ee . 
1 vated to its ignition point 
c 
ig purnt as powder 
p) burnt as lump% , 
ultimate analysis of fuel lists 
| eae chemical constituents, carbon, 
(a hydrogen, oxygen etc., plus ash as percents by 
yolume 
p) various chemical constituents, carbon, 
hydrogen, oxygen, etc., plus ash as percents by 
weight 


fel constituents as percents by volume of 
moisture, volatile, fixed carbon and ash 


(q)fuel constituents as percents by weight of 
moisture, volatile, fixed carbon and ash 


e) moisture and ash free heating value. 


167, The proximate analysis of fuel lists 


(c) 


(a)various chemical constituents, carbon, 
hydrogen, oxygen etc., plus ash as percents by 
volume 

(b) various chemical constituents, carbon, 
hydrogen, oxygen, etc., plus ash as percents by 
weight 


()fuel constituents as percents by volume of 
moisture, volatile, fixed carbon and ash 
(d) fuel constituents as percents by weight of 
moisture, volatile, fixed carbon and ash 
le) moisture and ash free heating value. 
68, Tertiary air is the air used to 
(provide air around burners for obtaining 
optimum combustion 
) transport and dry the coal 
) cool the scanners 
y Supply air for ignitors 
P} shot CO (formed in lower zone of furnace) 
169, a ats at higher zone. 
va din aiy valve on boiler drum compared to safety 
a) same Superheater is set at 
value (b) higher value 


(c) J 


c 
Ower value 


OWer/h; 
“higher depending on steam flow 


e 
“yy, Predictable, 


y 
chi ; 
ting > not correct statement about pulverised fuel 
O) high 
b) he parning rate is possible 
(0) fue] be: “ase can be easily controlled 
ons economically 


171. 


172. 


173. 


174. 


175. 


176. 


245 





(d) it is the best techni 
m content fuel having | 
e)s i 
i o mills are required to powder the coal. 
p ree “Ts” for good combustion are 
H emperature, time, and turbulence 
total air, true fuel, and turbulence 
' thorough mixing, total air, and temperature 
) total air, time, and temperature 
(e) none of the above. 


Which is not correct statement about the function of 
furnace ? 


que for burning high ash 
ow fusion ash 


(a)to provide proper conditions for continuous 
complete combustion 

(b) mix fuel with air and ignite 

(c) separate ash from coal 

(d) maintain heat supply to prepare and ignite the 
incoming fuel 

(e) to minimise radiation losses. 

Which is not correct statement about effect of sul- 

phur in fuel ? 

(a) it has heating value 

(b) it helps in electrostatic precipitation of ash in 
flue-gases 

(c) it leads to corrosion of air heaters, ducting, etc. if 
flue gas exit temperature is low 

(d) it erodes furnace walls 

(e) none of the above. 

Heating value of fuel used is as on fired basis. Ifitis 

reported for dry or moisture free fuel, then latter 

should be multiplied by the following factor to cor- 

rect for as fired value 

(a) (1 — moisture content) 

(b) (1 + moisture content) 

a 

1+ moisture content 


(c) 


(d) 


eae, eee a 
1— moisture content 
1— moisture content 

moisture content 
Gradually increasing temperature of flue gases at 
inlet to chimney for given steam outputs is an indi- 
cation of | 
(a) higher effectiveness of boiler 
(b) high calorific value coal being burnt 
(c) fouling of heat transfer surfaces 
(d) raising of steam temperature 
(e) leakage of air. | 
Incomplete combustion can be best judged by 
(a) smoky chimney exit 


. . es 
xcess air in flue gas sign. 
(b) e asuring carbon mono-oxide in flue gases 
(c) me tig f flue gases at exit of 
(d) mea 


furnace 
(e) measuring OXYBS 


(e) 


temperature 0 


n in flue gases. 
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179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 








The capacity of induced draft fan compared to forced 


draft fan in a boiler is 
(a) same 

(c) less 
(d) less or more depending on size of boiler 

(e) unpredictable. 

Pulverised fuel is used for 

(a) better burning (b) more calorific value 
(c) less radiation loss (d) medium sized units 
(e) stoker fired boilers. 

Calorific value of coal is of the order of 

(a) 200—400 kcal/kg (b) 800-1200 kcal/kg 
(c) 2000-4000 kcal/kg (d) 5000-8000 kcal/kg 
(e) 8000—10,000 kcal/kg. 

Evaporative capacity of boiler is expressed as 
(a) kg of steam produced 

(b) steam pressure produced 

(c) kg of fuel fired 

(d) kg of steam produced per kg of fuel fired 

(e) kg of water evaporated. 

Boiler parameters are expressed by 

(a) tonnes/hr. of steam 

(b) pressure of steam in kg/cm? 

(c) temperature of steam in°C 

(d) all of the above 

(e) none of the above. 

The condition of steam in boiler drum is always 
(a) dry (b) wet 

(c) saturated (d) supersaturated 

(e) superheated. 

The balanced draft furnace is one using 

(a) induced draft fan and chimney 

(6) induced draft fan and forced draft fan 

(c) forced draft fan and chimney 

(d) any one of the above 

(e) none of the above. 

In order to obtain superheated steam, a superheater 


is added in an existing boiler. As as result, furnace 
vacuum will 


(a) remain unaffected 
(c) worsen 

(d) may improve/worsen depending on size 

(e) unpredictable. 

Maximum energy loss in a boiler occurs due to 
(a) unburnt carbon in ash 

(b) incomplete combustion 

(c) ash content 

(e) radiation losses. 
Overfire burning is the phenomenon of 

(a) supply of excess air 

(b) supply of excess coal 

(c) burning CO and unburnts in upper zone of 


furnace by supplyin 
g more a 
(d) fuel bed firing T 


(b) more 


(b) improve 


(d) flue gases 


~ (e) none of the above. 


187. 


188. 


189. 


190. 


191. 


192. 


193. 


194, 


195. 


MEGHANICAL ENGINE, 
| Pi 


Which is not the correct statement about "a 
in coal ? w 
(a) inherent moisture and surface MOI yr, P | F 

different things B 
(b) in some coals moisture may be present Upto 4, 
(c) some moisture in coal helps In better jy, Nh 

which is not possible with completely q ry coal 

(d) it increases thermal efficiency : F 
(e) moisture in coal is removed before firing | 

heating it with hot air. E 

Deaeration of feed water is carried out becaye. i 
reduces i 
(a) cavitation of boiler feed pumps 
(b) corrosion caused by oxygen 
(c) heat transfer coefficient 
(d) pH value of water 
(e) weight of water to be handled. 

A supercritical boiler is one that operates above the i 
pressure and temperature of following values 
(a) 100 kg/cm? and 540°C 
(b) 1 kg/em? and 100°C 
(c) 218 kg/cm? abs and 373°C 
(d) 218 kg/cm? abs and 540°C 
(e) 100 kg/cm? abs and 373°C 
Natural water circulation, by convection in wate 
tube boilers, with increase in pressure of boiler 
(a) increases (b) decreases 
(c) remains unaffected 
(d) first increases and then decreases 
(e) first decreases and then increases. 

The steam temperature with increase in load in case 
of a boiler fitted with radiation superheater 
(a) increases (6) decreases 
(c) remains unaffected 
(d) first increases and then decreases 
(e) unpredictable. 

During storage, the heating value of coal 
(a) increases (6) decreases 
(c) remains constant 
(d) may increase or decrease depending upon the 

method of storage 

(e) none of the above. 

The relative heat absorption for successively added 
equal areas of boiler convection heating surfaces 
(a) increases (b) decreases 
(e) remains unaffected 
(d) first increases and then decreases 
(e) first decreases and then increases. 

Film boiling occurs at 
(a) very low pressure 
(b) atmospheric pressures 
(c) medium pressures 

(d) very high pressures 

Fire tube boilers are limited to a maximum 

working pressure of 


e above: 
(e) none of th esip 
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(a) 1 kg/cm? 


(b) 6 kg/cm? 
(c) 17 kg/cm? (d) 100 kg/cm? 
(e) 250 kg/cm?. 


196. For the same diameter and thickness of tube, a water 


tube boiler compared to a fire tube boiler has 
(a) more heating surface 


(b) less heating surface 

(c) equal heating surface 

(d) heating surface depends on other parameters 
(e) none of the above. 


197. In water wall furnace, the heat is transferred to the 


water-walls by 
(a) convection (b) radiation 
(c) conduction 

(d) radiation and conduction 


(e) radiation and convection. 


198. Relative percentage of heat absorbed through the 


heat transfer of (i) furnace water wall, (ii) boiler 
bank, (iii) superheater, (iv) economiser, (v) airheater 
of a typical boiler of 200 MW capacity would be of 
the order of 

(a) 48: 20:15:7:10 
(c)20:48:7:15:10 
(e) 48:15:10: 7: 20. 


(b)10:7:15:20: 48 
(d)7:15:20:10: 48 


199. The feed check valve is used in order to 


(a) regulate flow of boiler water 

(b) check level of water in boiler drum 

(c) recirculate unwanted feed water 

(d) allow high pressure feed water to flow to drum 
and not allow reverse flow to take place 

(e) none of the above. 


200. The size of a boiler drum in pulverised fuel fired 


boiler, as its size and capacity, (steam pressure and 

flow ratings) increase 

(a) increases 

(c) remains unchanged 

(d) increases/decreases depending 
temperature requirements 

(e) unpredictable. 


(b) decreases 


on steam 


201. Feed water conditioning in thermal power plants in 


done to | 
(a) reduce hardness and for removal of solids 


(b) increase efficiency of thermal power plant 
(c) increase heat transfer rate 

(d) increase steam parameters 

(e) all of the above. 


202. The basic job of feed water treatment in boilers is to 


overcome the problem of 
(a) corrosion 

(c) carryover 

(e) all of the above. 


(b) scale 
(d) embrittlement 


203. Scale is formed on heat transfer surfaces when 


(a) water is acidic (b) water is alkaline 
(c) water contains dissolved gases 


204. 


205. 


206. 


207. 


208. 


209. 


210. 





247 
(d) water contains dissolved calcium and 
magnesium salts 
(e) water contains oil and suspended soilds. 


Hardness of water refers to 
(a) the presence of scale-forming 
magnesium salts in water 


calcium or 


(b) its shear strength 

(c) its pH value 

(d) presence of ions in water 

(e) presence of insoluble compounds. 

Blow down from boiler drum is carried with a view 
to 

(a) control the solids concentration in boiler water 
(b) to control drum level 

(c) lower steam pressure 

(d) increase steam temperature 

(e) supply hot water for emergency needs. 

Internal treatment of boiler water is the feeding of 
chemicals directly to the boiler. It is done in order to 


(a) precipitate impurities as a sludge in the water 
rather than as scale on the boiler metal 


(b) condition the sludge to keep it from sticking to 
the metal so that it can be removed by blowdown 


(c) adjust the water composition to make it non- 
corrosive 

(d) all of the above (e) none of the above. 

Why is it desitable to turn the ejector on for 15—20 

minutes daily when a steam turbine is not running ? 

(a) to increase efficiency 

(b) to cool the turbine 

(c) to draw moisture out of casing 

(d) to avoid bending of shaft 

(e) to avoid jamming of parts. 

Most serious energy loss in impulse steam turbine 

is 

(a) steam leakage between diaphragms and shaft 


(b) leakage over blade through 
clearance passages l 

(c) frictional resistance between steam and nozzle 
side 

(d) impact loss as steam enters the moving blades 

(e) bearing friction. 


ends radial 


Most serious energy loss in reaction steam turbine 
is 
(a) steam leakage between diaphragms and shaft 


(b) leakage over blade ends through radial 
clearance passages 


(c) frictional resistance between steam and nozzle 
side 

(d) impact loss as steam enters the moving blades 

(e) bearing friction. 

Velocity compounding in an impulse turbine results 

in shorter turbine because this stage 

(a) is most efficient 
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212. 


213. 


214. 


215. 


216. 


217. 
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219. 





(6) absorbs much kinetic energy 

(c) reduces maximum pressure 

(d) handles steam at high pressure 

(e) none of the above. 

The blowdown cock in boiler is used for 

(a) regulating drum level by blowing unwanted 
water 

(b) emptying the boiler in case of shut down 

(c) maintaining constant pressure in drum by 
blowing unwanted steam 

(d) to remove sludge or sediments from drum 

(e) none of the above. 

Relative percentage of heat transfer surface of (i) 

furnace water wall, (ii) boiler bank, (iii) superheater, 

(tv) economiser, (v) air heater in a typical boiler of 

200 MW capacity would be of the order of 

(a) 42:6:10:33:9 (b) 42:33:9:10:6 

(c)33:9:10:42:6 (d)9:6:10:33: 42 

(e)9:33:10:6: 42. 

The correct sequence of location of equipment in the 

flue gas path from furnace exit upto chimney is 

(a) superheater, economiser, air heater (AH), 
electrostatic precipitator (EP), induced draft 
fans (ID) 

(6) superheater, economiser, EP, ID, AH 

(c) superheater, EP, economiser, AH, ID 

(d) superheater, AH, ID, economiser, EP 

(e) economiser, superheater, AH, EP, ID. 

What type of fuel is best adapted to the chain or trav- 

elling grate stoker ? 

(a) caking coal (6) pulverised coal 

(c) non-caking or free burning coal 

(d) high-ash content coal 

(e) none of the above. 

A dense white smoke from a chimney indicates 

(a) insufficient air (6) too much air 

(c) correct air 

(e) none of the above. 


(d) less turbulence 


In warming up a boiler, the temperature is increased 
(a) uniformly and gradually 

(b) first slowly and then rapidly 

(c) first rapidly and then slowly 

(d) at any rate (e) none of the above. 
In warming up a boiler, the pressure is increased 
(a) uniformly and gradually 

(b) first slowly and then rapidly 

(c) first rapidly and then slowly 

(d) at any rate (e) none of the above. 
Formation of scale on a boiler tube 

(a) protects it (b) increase its life 

(c) decreases its life (d) life is unaffected 

(e) suspended salts. 


Which impurity in water requires critical attention 


on very high pressure boilers ? 
(a) hydrogen (6) ammonia 


220. 


221. 


222. 


223. 


224. 


225. 


226. 


227. 


MECHANICAL EnaHingy  E 
(c) silica (d) dissolved salty 
(e) suspended salts, 
A thermal power plant designed to operate ine 
climate is operated in hot climate; it will devel 
(a) more power (b) less power 
(c) same power 
(d) more or less depending on the size 
(e) unpredictable. 

Caking is represented by i 
(a) the left pure carbon when coal is heated an ; 2 
volatile matter driven off E 

(b) the formation of lumps or masses of coke 

(c) fusing of ash (d) high ash content 

(e) ease in burning. 

Free burning coal is one which 

(a) burns freely (b) burns completely 

(c) shows little or no fusing action 

(d) leaves no unburnt carbon 

(e) does not burn. 

Which of the following coal variety has low calorifig 
value ? 

(a) bituminous coal 
(c) anthracite 

(e) washed coal. 
Orsat apparatus is used to determine the 
(a) combustion efficiency 

(b) leakage of air into boiler 


Pree econ 
<5 aes AY 


uk A S. Si 


AAAA NE FA 


merie A Cay et. 


igs A OAA E T E 


(b) lignite 
(d) steam coal 


(c) conductivity of water EO 

(d) analysing the flue gas on the spot i : 

(e) ultimate analysis of fuel. A 

Orsat apparatus is used to determine the 

(a) combustibles in flue gases $ 

(b) percentage of CO,, O, and CO by volume in flue ; 
gases 5 

(c) percentage of CO,, O,, and CO by weight in flue 
gases 

(d) O, in flue gases (e) CO, in flue gases. 

The chief advantage of reheat cycle is 

(a) increase efficiency (b) obtain more work 

(c) increase number of turbine cylinders 

(d) to decrease moisture content in low press¥™ — | 
stages tt 

(e) to avoid corrosion. 

In Orsat apparatus, the gases, CO,, O, a 

absorbed in first three pairs of bulbs by fi 

with 

(a) sodium hydroxide solution, pyrogallol, 
cuprous chloride solutions respectively 


(b) pyrogallol, sodium hydroxide, cuprous © 


nd CO ar : 
lling the® $ 


and 


hloride : K: 


respectively jlo! $ 
(c) cuprous chloride, sodium hydroxide, py™8°” 
respectively aJo E 
(d) sodium hydroxide, cuprous chloride, pyrog® 
respectively 


(e) in any order. 
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eg PLANT ENGINEERING 


| 928. The function of a flywheel is to 


(a) facilitate start of machine 

(b) smooth out power impulses 

(c) act as pulley for belt drive 

(d) to store energy for periods of failure of main 
supply 

(e) none of the above. 

The efficiency ratio or relative efficiency is defined 

as 

(a) thermal efficiency/Rankine efficiency 

(b) indicated thermal efficiency/Rankine efficiency 

(c) mechanical efficiency/Rankine efficiency 

(d) thermal efficiency/overall] efficiency 

(ec) indicated thermal efficiency/brake thermal 
efficiency. 

In a cross compound steam engine 

(a) one high and one low pressure cylinder are set 
side by side, driving the same shaft, cranks 
being set 90° apart. 

(b) two cylinders are centred on the same piston 
rod, the 1.p. cylinder being placed nearest the 
crankshaft. 

(c) two cylinders are set at 90°, usually to save floor 
space. 

(d) two cylinders are set in V-arrangement 

(e) none of the above. 

Diagram factor is defined as the ratio of 

(a) actual m.e.p. and swept volume 

(b) theoretical m.e.p. and swept volume 

(c) actual m.e.p. and theoretical m.e.p. 

(d) theoretical m.e.p. and actual m.e.p. 

(e) diagram area and swept volume. 

The average value of diagram factor for various types 

of steam engines is approximately 


(a) 1.0 (b) 0.7 
(c) 0.9 (d) 1.1 
(e) 0.8. 


- The steam admission pressure in case of steam loco- 


motives is of the order of 
(a) 1-3 kg/cm? 

(c) 8-18 kg/cm? 

(e) 50-80 kg/cm?. 


(b) 4-6 kg/cm? 
(d) 25—40 kg/cm? 


- The back pressure in a locomotive steam engine is of 


the order of 

(a) atmospheric pressure 

(b) 0.5 ata (c) 0.2 ata 
(d) 1.3 ata (e) 2 ata. 


- The saturation curve of a steam engine represents 


(a) the saturated state of steam . 
(b) the quantum of missing quantity 
(c)the curve drawn through the points of dry 


volume l 
(d) the condition of steam at exhaust corresponding 


to various inlet conditions 
(e) does not exist. 


3 "©. The steam trap is employed to 


(a) condense the steam 


237. 


238. 


239. 


240. 


241. 


242. 


243. 





(b) separate condensate from steam 


(c) drain off condensate resulting from partial 
condensation 


(d) keep steam superheated 

(e) filter the steam. 

Steam admission pressure remains constant in fol- 

lowing governing system of steam engine 

(a) throttle governed steam engine 

(b) cut-off governed steam engine 

(c) hit and miss governed engine 

(d) all of the above 

(e) none of the above. 

All steam engines work on 

(a) principle of conservation of energy 

(b) principle of conservation of momentum 

(c) Zeroth law of thermodynamics 

(d) First law of thermodynamics 

(e) Second law of thermodynamics. 

The expansion process in the steam engines is 

(a) isentropic 

(b) adiabatic at constant pressure 

(c) adiabatic at constant volume 

(d) hyperbolic 

(e) not truly hyperbolic. 

In a tandem compound steam engine 

(a) one high and one low pressure cylinder are set 
side by side, driving the same shaft, cranks 
being set 90° apart 

(b) two cylinders are centred on the same piston 
rod, the L.P. cylinder being placed nearest the 
crankshaft 

(c) two cylinders are set at 90° usually to save floor 
space 

(d) two cylinders are set in V-arrangement 

(e) none of the above. 

Cut off point remains unaltered in following govern- 

ing system of steam engine 

(a) throttle-governed steam engine 

(b) cut-off governed steam engine 

(c) hit and miss governed engine 

(d) all of the above 

(e) none of the above. 

Which is varied in throttle governing in steam 

engine ? 

(a) pressure of intake steam 

(b) volume of intake steam 

(c) temperature of intake steam 

(d) dryness fraction 

(e) superheat of steam. 

Which is varied in cut off 

engine ? 

(a) pressure of intake steam 

(b) volume of intake steam 


(c) temperature of intake steam 
(d) dryness fraction 
(e) superheat of steam. 


governing in steam 
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244. William's line for steam engine is the straight line 


relationship between mass rate of steam flow and 
(a) IHP (b) BHP 

(c) efficiency (d) compression ratio 
(e) inlet pressure of steam. 


` * = » . * g 
245. The William's line equation (mass rate of steam flow 


= constant 1 + constant 2 (IHP) holds good for 
(a) cut off governing (b) throttle governing 
(c) partial admission governing 

(d) all of the above 

(e) none of the above. 


246. The uniflow steam engine is also known as 


(a) the static flow engine 

(b) single direction steam engine 
(c) radial engine 

(d) mid-cylinder exhaust engine 
(e) does not exist. 


247. Clearance ratio in steam engine is the ratio of clear- 


ance volume to 

(a) swept volume 

(c) volume at cut off 
(d) swept volume — cut off volume 
(e) cylinder volume — cut off volume 


(b) cylinder volume 


248. In a compound steam engine, if cranks are placed at 


90° to each other, then steam from HP cylinder to 

LP cylinder can be transferred 

(a) directly (b) indirectly 

(c) through a receiver 

(d) in the middle of the stroke 

(e) can’t be transferred till cranks are arranged at 
180° to each other. 


249. Cut off ratio in steam engine is the ratio of volume 


at cut off to the 

(a) clearance volume 
(c) cylinder volume 
(d) clearance volume plus swept volume 
(e) cylinder volume/clearance volume. 


(6) swept volume 


250. In an angle-compounded engine 


(a) one high and one low pressure cylinder are set 
side by side driving the same shaft, cranks being 
set 90° apart 

(6) two cylinders are centred on the same piston 
rod, the L.P. cylinder being placed nearest the 
crankshaft 

(c) two cylinders are set at 90° usually to save floor 
space 

(d) two cylinders are set in V-arrangement 

(e) various cylinders are arranged radially. 


251. Compound steam engine is one in which 


(a) steam expands twice 

(b) two engines are combined together 
(c) major parts are repeated twice 

(d) two units are put together 

(e) steam expands in several stages. 


452. Pick up the wrong statement. 


Diagram factor of a steam engine can be defined as 
ratio of 


253. 


254. 


255. 


256. 


257. 


258. 
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(a) me.p. of actual and hypothetical ing 


diagrams 
(b) areas of actual and hypothetical bd 4 
diagrams ditan 
(c) spring constants of springs used to cal 4 
area me 4 
(d) mean vertical intercepts of actual 


hypothetical indicator diagrams 
(e) all of the above. 
Superheating of steam for steam engine results». 
(a) heating up of all the parts thereby redui 
missing quantity y 
(b) increase in efficiency of Rankine cycle 
(c) more work 
(d) less work 
(e) balanced engine, E 
The function of a reheater in a steam reciprocate, = 
engine is i 
(a) to heat steam again if it is not at proper te 
perature 
(b) to heat steam in two stages | 
(c) to reduce condensation before steam is admit ! 
into low pressure cylinder He 
(d) produce very high pressure 
(e) reheater is not used in steam engines. i 
Missing quantity in steam engines occurs due to 3 a 
(a) cylinder condensation F 
(b) leakage past the valves 
(c) leakage past the piston 
(d) all of the above a 
(e) none of the above. $ ig 
The expansion ratio in steam engines is the ratio k 2 
(a) clearance volume to swept volume 
(b) swept volume to clearance volume 
(c) cut off volume to swept volume 
(d) swept volume to volume at cut off 
(e) cut off volume to clearance volume. 
Missing quantity per stroke in steam engines ìs © 
to 
(a) cylinder feed — indicated weight of steam 
(b) indicated weight of steam — cylinder feed 
(c) cylinder feed — weight of cushion steam 
(d) indicated weight of steam — weight of ¢ 
steam 


BEES SSC inter CER El eS 


u shiot i 


a g , A 
(e) indicated weight of steam + weight of €" a 
steam. a pi: 


A 
¥ 


n 


Condensation or excessive carry over is dange"? 

to reciprocating engine, because 

(a) it reduces efficiency 

(b) it makes difficult for steam to be di 
fully in exhaust 

(c) it cools down parts, thereby introd , 
stresses rit nal 

(d) water being incompressible, excess ° 
wreck the engine 

(e) it results in wastage of steam. 
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In steam engines, cylinder condensation is caused 


y ; ; 
(a) alternate heating and cooling of steam between 
the cylinder admission and exhaust 


(b) radiation losses to atmosphere 

(c) conduction through metal parts 

(d) steam not being superheated 

(e) none of the above. 

The missing quantity in steam engines refers to 

(a) heat content in steam led to exhaust 

(b) heat loss by radiation 

(c) condensation of steam in cylinder and leakage 
past the piston 

(d) leakage steam 

(e) none of the above. 

Pick up the wrong statement. If expansion ratio in a 

simple steam engine is high then 

(a) leakage past the piston will be high 

(b) variation in tractive effort will be high 

(c) condensation of steam entering the cylinder will 
be high 

(d) stroke of the engine will be very large 

(e) work done will be maximum. 

The p-V diagram of a steam engine can be produced 

automatically by 

(a) fitting pressure and volume sensors on cylinder 

(b) air indicator 

(c) piezo electric crystals 

(d) digital meters (e) not possible. 

The presence of loop in the indicator diagram of re- 

ciprocating engine indicates 

(a) there is loss of power in engine because steam 
has expanded and then been compressed by the 
piston 

(b) the variable value of the exhaust pressure 

(c) low thermal efficiency 

(d) some change in settings is required 

(e) none of the above. 

The function of a governor on a steam engine 1s to 

(a) regulate load 

(b) match steam parameters with re 

(c) provide safety of engine un 
conditions 

(d) maintain a fairly constan 

(e) control pressure of steam. 


ference to load 
der abnormal 


t speed for all loads 


- In inertia-type governors on steam engines 


d, thereby adjusting 


(a) the poi -off is shifte 
e point of cut-off is shi to match load 


mass rate of steam flow 
requirements 

(b)the steam pressure a 
throttled 

(c)the stroke length is adjusted to mee 
changes 

(d) speed is adjusted in line wit 

(e) none of the above. 


t inlet to cylinder is 


t load 


h load changes 
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For gj 
j ie given inlet pressure, cut off point and same law 
xpansıon, work done per kg of steam in a reci- 


procating steam engine as compared to steam tur- 
bine will be 


(a) same 
(c) less 


(b) more 


(d) more or less depending upon capacity of engine 
and turbine 


(e) unpredictable. 

In reciprocating steam engines the live steam is 

passed through the jackets of steam cylinders in or- 

der to 

(a) increase temperature of steam 

(b) maintain cylinder steam at 
temperature 

(c) bypass the unwanted steam 

(d) reduce condensation of steam in cylinders 

(e) it is never done. 

The effect of wire drawing of steam on the area of 

indicator diagram is to 

(a) increase 

(c) no effect 

(d) increase/decrease depending on steam pressure 

(e) none of the above. 

In the tandem compound steam engine, the axes of 

the two cylinders 

(a) are at 90° to each other 

(b) are inclined at 45° 

(c) are in the same straight line 

(d) lie in different planes 

(e) none of the above. 

In receiver type of compounding, the cranks are 

placed 

(a) 45° apart 

(c) 180° apart 

(e) 360° apart. 

In a tandem compound engine, the high pressure and 

low pressure cylinders 

(a) have common piston rod 

(b) have separate piston rods 

(c) are set at 90° 

(d) are set in V-arrangement 

(e) have no piston rod. 

In Wolf type as well as receiver type compound en- 

gines, the high pressure, and low pressure cylinders 

(a) have common piston rod 

(b) have separate piston rods 

(c) are set at 90° 

(d) are set in V-arrangement 

(e) have no piston rod. 


The cranks of high pressure and low pressure cylin- 


ders in a Woolf type compound steam engine are 
placed 


(a) 0° apart 
(c) 90° apart 
(e) 270° apart. 


constant 


(6) decrease 


(b) 90° apart 
(d) 270° apart 


(b) 45° apart 
(d) 180° apart 
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274. In tandem type compound steam engine the cranks 


are placed 

(a) 0° apart 
(c) 90° apart 
(e) 270° apart. 


275. In centrifugal type governor steam engines a 
(a) the point of cut-off is shifted, thereby adjusting 
mass rate of steam flow to match load 


(b) 45° apart 
(d) 180° apart 


requirements . 
(b) the steam pressure at inlet to cylinder 1s 
throttled 
(c) the stroke length is adjusted to meet load 
requirements 


(d) speed is adjusted in line with load changes 
(e) none of the above. 

276. The function of piston rod is to 
(a) transfer motion from piston to cross head 
(b) transfer motion from piston to connecting rod 
(c) provide reciprocating motion to slide valve 
(d) convert reciprocating motion of piston to rotary 

motion 
(e) to control cut off point. 

277. According to William’s law as applicable to throttle 
governed steam engines, the rate of steam consump- 
tion is proportional to 
(a) IHP 
(c) mechanical efficiency 
(d) thermal efficiency (e) ratio of IHP and BHP. 

278. Inertia type shaft governors are preferred over cen- 
trifugal type in steam engine because 
(a) they are more efficient as they control mass rate 

of steam flow 
(b) they have greater sensitivity to load change 
(c) they provide closer control of engine speed 
(d) they are more reliable 
(e) reverse of the given statements is true. 
279. Steam lap is 
(a) the distance that the edge of the valve closes off 
the port opening when it is in the centre of its 
travel 
(b) the amount of opening in the steam port when 
the piston is exactly at the end of the stroke 
(c) the amount of cam movement necessary to make 
the valve to be opened by a distance equal to 
lead and lap when the piston is at the top of dead 
centre 
(d) there is nothing like steam lap 
(e) similar to missing quantity. 
280. In the simple reciprocating steam engine the admis- 
sion and exhaust ports 
(a) are on the same side of cylinder 
(b) provide sealing at the end of cylinder 
(c) translate linear motion into angular by 
oscillating about the wrist pin 


(d) provide motion at the proper time to actuate the 
valve gear 
(e) none of the above. 


(b) BHP 





MECHANICAL ENGiyg,, | 
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The function of an eccentric rod in steam engin 

(a) convert rotary motion of crankshaft into W 
fro motion of the valve rod oani 

(b) provide SHM to D-slide valve 

(c) impart sliding motion to slide valve 


(d) convert reciprocating motion to rotary motion 
(e) adjust and control cut off point. 


282. The function of a valve rod in steam engines su i 
(a) convert rotary motion of crankshaft into to 
from motion of the valve rod ang 
(b) provide SHM to D-slide valve 
(c) impart sliding motion to slide valve 
(d) convert reciprocating motion to rotary motion 
(e) adjust and control cut off point. 
283. The purpose of crosshead in steam engines is to 
(a) facilitate piston to reciprocate 
(b) provide sealing at the end of cylinder 
(c) translate linear motion into angular ly 
oscillating about the wrist pin 
(d) provide motion at the proper time to actuate the 
valve gear 
(e) guide piston. 
984. The main function of a stuffing box in a steam en- 
gine is to 
(a) guide the pistion rod 
(b) receive steam from engine 
(c) operate valve in proper sequence 
(d) prevent leakage 
(e) minimise the missing quantity. 
285. The function of a crosshead in steam engine is W 
guide the motion of 
(a) pistion rod 
(c) connecting rod 
(d) D-slide valve 
286. Valve lead is the 
(a) distance that the edge of the valve cl 
port opening when it is in the centre 0 
(b) amount of opening in the steam port, W 
pistion is exactly at the end of the stroke 
(c) amount of cam movement necessary t0 make É 
valve to be opened by a distance equal to ia 
and lap when the piston is at the top ° 
centre 
(d) axial movement of valve due to wear and se” j 
(e) movement of valve to reduce missing quanti 
287. The cushion steam in a steam engine İs the stent 
(a) locked up in the cylinder after the exhaust Y 
has been closed 
(b) not able to move out of cylinder def 
(c) locked up in the clearance volume of the cY li 
(d) locked up around piston and cylinder 
(e) which does no work. 
288. The missing quantity in steam engines is ma 
(a) at the point of release 
(b) after the point of release 
(c) at the point of cut off 


281. 


(b) valve rod 


(e) crank. 
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; qd) after the point of cut off 
(g) uniform throughout. 
pissing quantity can be reduced by 

' (q) steam jacketing of cylinder walls 

(p) superheating the inlet steam 

(c) reducing the expansion ratio 

(d) increasing speed of engine 

(e) all of the above. 

, Ina condensing steam engine, the 

(u) exhaust steam is wasted into atmosphere 

(p) condensed steam is supplied 

(c) steam condenses in the cylinder 

íd) steam condenses as soon as it leaves the cylinder 

(e) exhaust steam is condensed in condenser. 

_ In uniflow steam engine, steam enters at one side 

and steam exhausts at 

(a) the same side (b) the opposite side 

(c) the middle of cylinder (d) both the ends 

(e) the middle and at other end. 

. Cut off ratio in a steam engine is the ratio of 

(a) volume of steam at cut off to cylinder volume 

(b) pressure at cut off to supply pressure 

(c) pressure at cut off to m.e.p. 

(d) fraction of piston stroke travelled by piston at 
cut off 

(e) pressure at cut-off to exhaust pressure. 

. Angle of advance on plain D-slide valve is the 

(a) distance that the edge of the valve closes off the 
port opening when it is in the centre of its travel 

(b) amount of opening in the steam port when the 
piston is exactly at the end of the stroke 

(c) amount of cam movement necessary to make the 
valve to be opened by a distance equal to lead 
and lap when the piston is at top of dead centre 

(d) movement due to wear and tear 

(e) none of the above. 

It is not possible to obtain complete expansion of 

steam to condenser pressure in a steam engine be- 

cause 

(a) it is not economical to use condenser with steam 
engine 

(b) cooling water at very low water is required 

(c) engine then can’t be balanced 

(d) since specific volume of steam at vacuum is very 
high, size of LP cylinder will be very large 

(e) not much work is obtainable. 

The D-slide valve 

(a) exhausts steam from the cylinder at proper 
moment 

(b) adjusts stroke length 

(¢) controls point of steam admission 

(d) guides motion of piston 

le) controls cut-off point. 

The sequence of events during the stroke of a steam 

engine are 

(a) admission, cut-off, expansion, release 


= 


a rn rrr 


298. 


299. 


300. 


301. 


302. 


303. 


(b) admission, expansion, release, cut-off 

(c) admission, expansion, cut-off, release 

(d) cut-off, admission, release, expansion, cul -off 
(e) none of the above. 


. In steam engines, the use of following type of valves 


follows closely in internal combustion engine prac- 
tice 

(a) simple slide valve 

(b) meyer expansion valve 

(c) piston valve 
(d) corliss valve 

(e) drop valve. 
The following valves in steam engines use indepen- 
dent steam and exhaust valve which reduce cylin- 
der condensation and allow admission and exhaust 
events to be set independently 

(a) meyer expansion valve 

(b) piston valve 

(c) corliss valve 

(d) drop valve 

(e) both corliss and drop valves. 

According to William’s law for a steam engine oper- 
ating on throttle governing, the steam consumption 
with reference to I.H.P. varies 

(a) linearly (b) parabolically 

(c) remain constant 

(d) first increases and then decreases 

(e) first decreases and then increases. 

The cylinder of a steam engine is usually 

(a) exposed to atmosphere 

(b) properly lagged (c) steam jacketed 

(d) water cooled (e) air cooled. 

The condensation in multi-cylinder steam engine in 
comparison to single cylinder engine is 

(a) more (b) less 

(c) same 

(d) more/less depending on engine capacity 

(e) more/less depending on steam inlet pressure. 
In a two cylinder compound engine the cylinder 
dimensions can be calculated from the 

(a) p-v diagram and RPM 

(b) h.p. and actual indicator diagram 

(c) h.p. and hypothetical indicator diagram 

(d) h.p. and speed 

(e) none of the above. 


Pick up the correct statement about advantages of 
compound steam engine 


(a) ratio of expansion is reduced, thus reducing 
length of stroke 


(b) temperature range is low and thus more 
condensation 


(c) cost of engine is low 
(d) high Pressure steam can be used 
(e) power output is more. 
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$04. In a compound steam engine, the ratio of expansion, 
and stroke length, respectively are 
(a) increased, increased (b) decreased, decreased 
(c) increased, decreased (d) decreased, increased 
(e) none of the above. 
305. In a compound steam engine, the diameter of high 
pressure piston compared to low pressure piston is 
(a) more (b) less 
(c) same 
id) more or less depending on engine capacity 
ie) more or less depending on steam pressure. 
306. The following type of valve in steam engine has no 
sliding parts which permits use to superheated steam 
(a) drop valve 
(b) meyer expansion valve 
te) corliss valve id) piston valve 
(e) none of the above. 
307. If L be the stroke in metres and N its rpm, then pis- 
ton speed in m/min ts given by 


, LN 
(a) LN (bh) —— 
(c) 2LN id) FE 


(e) 4LN. 


408. The size of a steam engine is specified as 250 « 300 ~ | 


450 rpm. In this 300 indicates 
(a) hep. (b) bore size 
(c) shaft diameter (d) piston stroke 
(e) cylinder volume. 
309. In steam engines using throttle control, the relation- 
ship between steam consumption and I.H.P. is 
(a) linear (b) non-linear 
(c) lower rise at lower loads and higher rise at 
higher loads 
(d) higher rise at lower loads and lower rise at 
higher loads 
(e) none of the above. 
310. Missing quantity in steam engines refers to 
(a) steam not admitted into cylinder due to valve 
imperfection 
(b) steam lost due to friction 
(c) difference between actual weight of steam 
present in cylinder and the indicated weight of 
dry saturated steam 
(d) steam not capable of expanding due to early 
opening of exhaust valve 
q (e) steam lost due to leakage past the cylinder. 
- 311. The cross head in a steam engine is essential when 
; it is 
(a) directly connected to reciprocating pump 
E (b) directly connected to rail wheels 
= (c) single acting (d) double acting 
ie Ae) connected to two driven machines. 
A steam engine is to be reversed. How much the 
ect entric should be shifted, if angle of advance is 10° 
fa) 180° (b) 200° 




















MECHANICAL ENGinves 
(c) 160° (d) 190° 
(e) none of the above. 
813. Which statement is not true for steam turbine « 
comparison to steam engines ? “<a 
(ag) there is no boiler-water contamination f 
lubricating oil as in a steam engine > 
(b) turbine delivers smooth uninterrupted powe 
high rotating speeds "A 
(c) turbines have less weight per horsepower 
power wearing parts compared to stear nging 
id) heat energy of steam is better utilised in steag 
engines than in turbines 
ie) all of the above, 
$14. In the impulse turbine the steam expands 
ia) in the nozzle (b) in the blades 
(c) partly in nozzle and partly in blades 
(d) neither in nozzle nor in blades 
(e) none of the above. 
315. Parson's turbine is 
(a) simple reaction type turbine 
(b) simple impulse type turbine 
(e) velocity compounded type turbine 
(d) pressure compounded type turbine 
(e) does not exist. 
316, A Ljungstrom turbine ts 
(a) impulse turbine 
ic) inward radial flow turbine 
(d) outward radial flow turbine 
(e) pressure and velocity compounded turbine 
317. In reaction turbine the expansion of steam as it flows 
over blades represents 
(a) throttling process (b) free expansion p 
(c) isothermal expansion (d) adiabatic process 
(e) none of the above. 


(b) reaction turbine 


rocedi 


tod 
* 


318. Ina non-condensing turbine, the steam i3 exhaus 
(a) below atmospheric pressure 
(b) at atmospheric pressure 
(c) above atmospheric pressure 
(d) at any pressure (e) into cooling towe" 
319. De Laval turbine is a 
(a) simple reaction turbine 
(b) simple impulse turbine 
(c) velocity compounded impulse turbine 
(d) pressure compounded impulse turbine 
(e) multi-stage turbine. 
320. De Laval turbine is used for applications req! 
(a) high power, high speed 
(b) high power, low speed 
(c) low power, high speed 
(d) low power, low speed 


iring 


(e) low speed. 

321. The maximum efficiency of De-Laval turbu 
of nozzle angle a is expressed as 
(a) cos* a (b) 1 — cos* a 
(c) cos 2a (d) 1 — cos 2a 


(e) cos” 2a. 
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Įn a back pressure turbine the steam ig exhausted 


(a) below atmospheric pressure 

(b) at atmospheric pressure 

(c) above atmospheric pressure 

(d) at any pressure 

(e) into cooling tower. 

Reteau turbine is a 

(a) simple reaction turbine 

(b) simple impulse turbine 

(c) pressure compounded turbine 

(d) velocity compounded impulse turbine 

(e) multi-stage turbine. 

Velocity compounding involves 

(a) expansion of steam in stages 

(b) recovery of kinetic energy of steam leaving first 
set of blades in subsequent rows of blades 

(c) velocity and pressure equalisation at different 
stages 

(d) increased velocity after each stage due to 
expansion of steam 

(e) none of the above. 

Pick up the correct statement about change of 

parameter in an impulse turbine 

(a) velocity increases 

(b) pressure reduces 

(c) both pressure and velocity increase 

(d) velocity decreases 

(e) both pressure and velocity decrease. 

Pick up the correct statement about change of 

parameter in a reaction turbine’s moving blades 

(a) velocity increases 

(b) pressure reduces 

(c) both pressure and velocity increase 

(d) velocity decreases 

(e) both pressure and velocity decrease. 

For a given horsepower an impulse turbine, com- 

pared to a reaction turbine has 

(a) less rows of blades (b) more rows of blades 

(c) equal rows of blades (d) it can be anything 

(e) none of the above. 

In a reaction turbine, a stage is represented by 

(a) each row of blades 

(6) number of entries of steam 

(c) number of casings 

(d) number of exits of steam 

(e) none of the above. 

If Ah „ and Ah,be the enthalpy drops in moving and 


fixed blades, then the degree of reaction is defined 
as 





(a) Ahim (b) Pa 
Ah, Min 
Ah 
Ah, f 
(c) Mh, + Ah; (d) Ah; + Ah 
ce) SË + Ahm 





330. In impulse turbine 


331. 


332. 


333. 


334. 


335. 


336. 


(a) the steam is expanded in nozzles and there is no 
fall in pressure as the steam passes over the 
rotor blades 


(6) steam is directed over bucket like blades which 
propels the rotor 

(c) expansion of steam takes place as it passes 
through the moving blades on the rotor as well 
as through the guide blades fixed to the casing 

(d) steam pressure remains constant 

(e) steam temperature remains constant. 

In an impulse turbine, the energy supplied to the 

blades per kg of steam equals to 

(a) work done by steam 


(6) sum of kinetic energy and potential energy at 
inlet 


(c) reaction energy of steam 

(d) kinetic energy of jet at entrance per kg of steam 
(e) none of the above. 

Pick up the correct statement about change of 
parameter in a reaction turbine’s fixed blades 

(a) pressure and velocity are constant 

(6) velocity decreases and pressure increases 

(c) pressure decreases and velocity increases 

(d) both pressure and velocity decrease 

(e) both pressure and velocity increase. 


The pressure velocity compounding of steam turbine 
results in 


(a) shorter turbine for a given total pressure drop 
(6) large turbine for a given pressure drop 

(c) large number of stages 

(d) lesser friction losses 

(e) more output. 

Combining impulse stages in series results in 
(a) increase of speed 

(6) decrease of speed 

(c) speed remains unaffected 

(d) unpredictable speed effect 

(e) none of the above. 


Pick up wrong statement about Parson’s reaction 
turbine 


(a) fixed and moving blades are identical 


(b) inlet and outlet velocity triangles are identical 
about a vertical centre line 


(c) degree of reaction is 0.5 

(d) maximum blade efficienc 
speed ratio of 0.5 

(e) none of the above. 

In reaction turbines 

(a) the steam is ex 
fall in pressu 
rotor blades 

(b) steam is directed 
Propels the rotor 


y is obtained for blade 


panded in nozzles and there is no 
re as the steam passes over the 


over bucket-like-blades which 
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ie) expansion of steam takes place as it passes 
through the moving blades on the rotor as 6 ell 
as through the guide blades fixed to the casing 
idd steam pressure remains constant 
(e) steam temperature remains constant. 
337. In impulse reaction turbines, the pressure drops 
(a) in fixed nozzles (b) in moving blades 
(c) in fixed blades 
(d) in both fixed and moving blades 
(e) none of the above. 
338. For maximum work done for good economy of tur- 
bines the linear speed of the blades ìs 
(a) equal to the velocity of steam entering the 
blades 
(b) twice the velocity of steam entering the blades 
(c) half the velocity of steam entering the blades 
(d) one-fourth the velocity of steam entering the 
blades 
(e) none of the above. 
339. Why a single stage turbine is not used in practice ? 
(a) It can’t generate much power 
(b) the control is not possible 
(c) heat energy is not utilised fully 
id) the rotational speed becomes 
requiring large reduction gearing 
(e) its efficiency is very low. 
340. If friction be neglected in impulse turbine then 
(a) work done is maximum 
(b) pressure increases as it flows over moving 
blades 
(c) relative velocity at inlet and outlet of blade is 
same 
(d) pressure decreases as steam moves over blades 
(e) steam flow provides motive force. 
341. Which is false statement in connection with collec- 
tion of steam coming out of sealing glands ? 
(a) steam having high heat value should be utilised 
instead of wasting into atmosphere 
(b) if not collected, it would cool the shaft 
(c) it may blow in bearings and destroy lub oil 
(d)it would form condensate, causing undue 
moisture in plant equipment 
(e) none of the above. 
342. As a result of blade friction, the relative velocity at 


outlet of impulse turbine compared to inlet relative 
velocity is 


very high 


(a) nearly same (b) 2% less 
(c) 10% to 15% less (d) 30% less 
(e) 50% less. 
343. Steam rate of steam turbines is expressed as 
(a) kg (b) kg/kW 
(c) kg/hr (d) kg/kWhr 
(e) kg/kWhr°C. 
344. Heat rate of steam turbines is expressed as 
(a) kcal (b) keal/hr 
(c) kceal/kW (d) keal/kWhr 
(e) kcal/kg. 


„du 
353. In a steam thermal power plant, in order to buil y 
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e a Dr revenerative = 
345. Percentage of steam bled for regenerative he 


‘ont ; ati 
in a regenerative cycle is of the order ot tiy 
(a) 5% (b) 10-15% 

(e) 20-80% (dd) 40-50% 


(e) GO%. 
346. Steam escaping across the tips of blades, re 
loss of work. Tip leakage is a problem in 
(a) reaction turbine (b) impulse turbine 
(c) both (a) and (b) 
(d) velocity compounded turbine 
(e) pressure compounded turbine, 
347. Axial shift in steam turbines occurs due to 
(a) thermal expansion of casing 
(b) wearing of thrust pad 
(c) different expansions of casing and rotor 
(d) axial thrust (e) does not occur, 
348. Curtis turbine is a 
(a) simple impulse type turbine 
(b) simple reaction type turbine 
(c) velocity compounded turbine 
(d) pressure compounded turbine 
(e) does not exist. | 
349. The condition for maximum efficiency of impulse 
turbine is 
(a) V, = V, cos a 


p resent 


(b) V, = Vj cos a 


V, cos a 


(c) V, = (d) V,=1-V, cos 


(e) V, = 1+ V, cos a 
where, V, = blade speed, V, = absolute speed of stean 
entering the blades and Q = nozzle angle | 
350. The condition for maximum efficiency of a reaction 
turbine is 


(a) V, = V, cos & (b) V, = V7 coso 


(c) faa (d) V,- 1- V, cos a 
(e) V, = Ve cos 20 7 
2 
$51. In Parson’s turbine the relative velocity at outlet af 
compared to inlet is 
(a) greater 
(c) same 
(e) unpredictable. 
$52. Total expansion of steam turbine represents 
(a) thermal expansion of casing 
(b) wearing of thrust pad 
(c) different expansions of casing and rotor 
(d) cooling of casing (e) heating of casing 


(b) lesser 
(d) depends on speed 


the vacuum in the condenser, the turbine glan su 
sealed by supplying steam from | 
(a) boiler (b) leakage steam 
(c) auxiliary steam source 

(d) extraction steam (e) exhaust steam. 
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356. 


357. 


358. 


359. 


360. 


361, 


The number of stages in an impulse turbine as com 
pared to reaction turbine is 


(a) same (b) more 


(c) less 

(d) more/less depending on capacity 

(e) unpredictable. 

In a steam turbine, the leak off steam and air from 

the last chambers of seal of each rotor is sucked into 

(a) atmosphere (b) condenser 

(c) gland cooler (d) low pressure heaters 

(e) deaerator. 

The pressure in the gland steam header for sealing 

the glands of low pressure steam turbine is main- 

tained 

(a) at vacuum 

(b) at atmospheric conditions 

(c) at around 0-1 min wel 

(d) at around 100-200 mm wel 

(e) at around 2-5 kg/cm”. 

Differential expansion takes place due to 

(a) thermal expansion of casing 

(b) wearing of thrust pad 

(c) different expansions of casing and rotor 

(d) cooling of casing due to radiation 

(e) does not take place. 

In case of tandom compound arrangement in steam 

turbines 

(a) the steam from one casing flows to other, the 
shafts of both being coupled in straight line 

(b) the steam in any casing enters in the middle and 
flows in both the directions 

(c) the steam from one casing flows to other, the 
shafts of both being in different planes 

(d) the steam flows from high pressure casing to 
intermediate pressure casing and then to low 
pressure casing, the shafts of all the three being 
coupled in one straight line 

(e) none of the above. 

After turbine trip, the cooling water to condenser is 

stopped 

(a) immediately 

(c) never stopped 

(d) may be stopped any time 

(e) none of the above. 

The ratio of work done by the blades per kg of steam 

flowing through a set of fixed and moving blades, 

and the corresponding isentropic enthalpy drop 1s 

called 

(a) nozzle efficiency 

(c) stage efficiency 

(e) reheat factor. 

Stage efficiency of steam turbine is equal to 

(a) blade efficiency/nozzle efficiency 

(b) nozzle efficiency/blade efficiency 

(c) nozzle efficiency x blade efficiency 

(d) 1 — blade efficiency 

(e) 1 — nozzle efficiency. 


(b) after 15-30 mts 


(b) blade efficiency 
(d) relative efficiency 
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363. 
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369. 
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For heat economy in the turbine cycle, the following 

parameters should be maintained at rated values at 

various loads 

(a) turbine speed (b) steam flow 

(c) Inlet steam pressure and temperature and 
condenser pressure l 

(d) turbine vibration (e) bled steam. 

The ratio of work done on the blades to the energy 

supplied to the blades is called 

(a) diagram efficiency (b) nozzle efficiency 

(c) stage efficiency (d) mechanical efficiency 

(e) gross efficiency. 


The back pressure in steam turbines in Indian con- 
ditions is of the order of 


(a) 0.01 ata (b) 0.1 ata 
(c) 0.3 ata (d) 0.5 ata 
(e) 1 ata. 


For a 200 MW plant, the MCR (max. continuous rat- 

ing) turbine heat rate is of the order of 

(a) 1050 keal/kWhr (b) 1350 kcal/kWhr 

(c) 2050 keal.kWhr (d) 2550 kcal/kWhr 

(e) 3050 kcal/kWhr. 

If the back pressure of condensing steam turbine 

rises, then heat rate of turbine will 

(a) increase (b) decrease 

(c) remain unaffected 

(d) first increase upto a certain limit and then 
decrease 

(e) first decrease upto a certain limit and then 
increase. 

The back pressure of condensing steam turbines can 

be improved by 

(a) decreasing steam flow 

(b) decreasing steam temperature 

(c) injecting water in last stages 

(d) using debris filter to clean circulating water and 
cleaning condenser tubes by rubber ball 
cleaning equipment 

(e) reducing bled steam. 

The back pressure of a condensing steam turbine, 

with decrease in temperature of circulating water 

used in condenser, will 

(a) increase 

(c) remain unaffected 

(d) first increase and then decrease 

(e) first decrease and then increase. 


(b) decrease 


If high pressure heaters in a thermal power plant 
operating on a regenerative cycle are cut off, then 


fuel input to boiler will 
(a) increase 
(c) remain unaffected 


(d) may increase/decrease depending on number of 
heaters cut off 


(e) unpredictable. 


(b) decrease 
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371. 
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373. 


374. 


375. 


376. 


377. 


b 
The heat rate of a turbine operating at part loads by 


throttle governing as compared to full loads 

(a) decreases (b) increases 

(c) remains unaffected f 

(d) may increase/decrease depending on extent 0 
deviation of load from full load 

(e) unpredictable. 

The auxiliary consumption (v.e., power consumed DY 

various equipment/devices required essentially for 

operation of power plant) in power plant is of the 

order of 

(a) 2-5% 

(c) 10-15% 

(e) 20-25%. 

The ratio of adiabatic heat drop to the heat supplied 

is known as 

(a) Rankine efficiency 

(c) stage efficiency 

(e) efficiency ratio. 

Efficiency ratio is the ratio of 

(a) useful heat drop to the total adiabatic heat drop 

(b) cumulative heat drop to the adiabatic heat drop 

(c) adiabatic heat drop to the heat supplied 

(d) total adiabatic heat drop to useful heat drop 

(e) adiabatic heat drop to cumulative heat drop. 

The ratio of total useful heat drop to the total adia- 

batic heat drop is known as 

(a) reheat factor (b) stage efficiency 

(c) efficiency ratio (d) Rankine efficiency 

(e) both internal efficiency and efficiency ratio. 

In case of cross-compounding arrangement in steam 

turbines 

(a) the steam from one casing flows to other, the 
shafts of both being coupled in straight line 

(b) the steam in any casing enters in the middle and 
flows in both the directions 

(c) the steam from one casing flows to other, the 
shafts of both being in different planes 

(d) the steam flows from high pressure casing to 
intermediate pressure casing and then to low 
pressure casing, the shafts of all the three being 
coupled in one straight line 

(e) none of the above. 

The maximum blade efficiency of a single stage im- 


pulse turbine having nozzle angle a, under ideal con- 
ditions is 


(b) 8-10% 
(d) 15-20% 


(b) reheat factor 
(d) internal efficiency 








(a) CS2 (b) cos” q 
2 2 
cos 2a 
(c) (d) cos 2a 
(e) cos? a. 


Blade or diagram efficiency of steam turbine, if V 

is the velocity of whirl at entry of moving blades (tan- 
gential component of V. ; V] being equal to absolute 
velocity of steam entering the moving blades), and 


Vos is the velocity of whirl at exit, and v is the linear 
velocity of blades, is equal to 


378. 


379. 


380. 


381. 


382. 


383. 
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Vi l 

(c) vVar- Vwo?) (d) ua Vua) 
Vi 1 

) v(V 1 a Viv2) 
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In Parson’s reaction turbine 

(a) there are no fixed blades 

(b) there are no moving blades 

(c) fixed blades are bigger than moving blades 
(d) moving blades are bigger than fixed blades 
(e) both fixed and moving blades are identical. 
For Parson’s turbine if a be the nozzle angle wi, | 
tangent to wheel, then maximum labde efficiency. _ 
equal to | 





2 | 
(a) cos” a (b cos” Q | 
O14 cos? a 1+ 2cos” a | 
cos? a 2cos? a 
OO —= T (d) ——3— 
1+ cos 2a 1+ cos” a 
2cos” a 


e 
1 + cos 2a 


The maximum blade efficiency in a single stage im- 
pulse turbine is obtained when the ratio of blade 
speed to the entering steam speed is 





(a) — (b) > cos 5 
(c) cos & (d) 0.5 


1 
(e) — cos? a. 
2 


In case of double flow type arrangement in steam 

turbines, 

(a) the steam from one casing flows to other, the 
shafts of both being coupled in straight line 

(b) the steam in any casing enters in the middle and 
flows in both the directions 

(c) the steam from one casing flows to other, the 
shafts of both being in different planes 

(d) the steam flows from high pressure casing to 
intermediate pressure casing and then to low 
pressure casing, the shafts of all the three being 
coupled in one straight line 

(e) none of the above. 


If heat drop in the moving blade be 3.5 kcal/kg om 
that in fixed blade be 6.5 kcak/kg, then the degre? 
reaction is equal to 
(a) 35% 

(c) 30% 

(e) 100%. 


Reheat factor is the ratio of the 
(a) cumulative heat drop to adiabatic heat suPP 


(b) 65% 
(d) 50% 


jied 


(b) adiabatic heat drop to heat supplied 


(c) useful heat drop to adiabatic heat drop 
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(d) adiabatic heat drop to cumulative heat q 

(e) adiabatic heat drop to useful heat drop ~ 
The value of reheat factor is of the order of 

(a) 0.7 to 0.8 (b) 0.9 to 1.0 
(c) 1.02 to 1.06 (d) 1.0 to 1.1 
(e) 1.5 to 2.0. 

Theoretically, maximum work is done b 
impinging on a semi-circular bucket w 
of bucket speed to steam speed is 

(a) unity (b) half 

(c) one-fourth (d) zero 

(e) no such correlation is possible. 


y a steam j et 
hen the ratio 


Fig. below shows a 3-stage turbine on enthalpy-en- 
tropy diagram. First stage efficiency in Fig. 
P 
Hülhesisse 1 
730 
720 P, 
AN e Saturation 
700}------- p A g 
3 
690 \ 
0b ssas 


—+» h (kca/kg) 


Ser 
(a) 75% (b) 40% 

(c) 60% (d) 662 % 
(e) 80%. 

Second stage efficiency in Fig. above. 
(a) 40% (b) 56% 

(c) 662 % (d) 75% 

(e) 72%. | | 
Third stage efficiency in Fig. above 1s 
(a) 50% (b) 60% 

(c) 72% (d) 75% 


(e) none of the above. | 
urbine in Fig. above 1s 


Reheat factor for the 3-stage t 

(a) 120/110 (b) 110/120 

(c) 90/110 (d) 90/120 

(e) 120/90. _ 

Rankine cycle efficiency for turbine shown 1n fig. 
- above is 

(a) 20% (b) 25% 

(c) 50% (d) 80% | . | 

(e) can’t be determined with data given 1n Fig. 

above. 


In case of triple-tandem compound arrangement in 


steam turbines 


oe he OA ES 
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: (d) 30% moisture 


(a) the steam from one casing flows to other, the 
Shafts of both being coupled in straight line 

(6) the steam in any casing enters in the middle and 
flows in both the directions 

(c) the steam from one casing flows to other, the 
shafts of both being in different planes 

(d) the steam flows from high pressure casing to 
intermediate pressure casing and then to low 
pressure casing, the shafts of all the three being 
coupled in one straight line 

(e) none of the above. 

Which of the following governing method is not used 

for reaction turbines ? 

(a) nozzle control governing 

(b) throttle governing 

(c) bypass governing 

(d) throttle and bypass governing 

(e) all of the above. 

Turbines are usually designed for following %age of 

moisture content in the last stage 

(a) completely saturated, i.e. no moisture 

(6) 10-12% moisture (c) 20% moisture 

(e) 40% moisture. 

Turbine is tripped when the 

(a) pressure at inlet increases 

(b) speed shoots up 

(c) blades are eroded 

(d) mass flow increases 

(e) casing is very hot. 

High moisture content (above 10-12%) in the last 

stage of turbine would lead to 

(a) lower thermal efficiency 

(b) corrosion 

(c) badly erosion of blades 

(d) can not occur 

(e) better efficiency of condenser. 

The length of blade keeps on increasing as steam 

flows from high pressure entrance side to condenser 

side because 

(a) that arrangement provides good balancing 

(b) for aesthetics 

(c) it makes expansion easier 

(d) large volumes of steam have to be handled at 
lower pressure 

(e) none of the above. 

Curtis turbine is basically a 

(a) pressure compounded turbine 

(b) velocity compounded turbine 

(c) pressure velocity compounded turbine 

(d) impulse-reaction turbine 

(e) a hydraulic turbine. 

The main advantage of the reaction turbine is that 

(a) much lower blade speed can be obtained 

(b) very high blade speed can be obtained 

(c) huge amount of work can be obtained 

(d) very high efficiency can be obtained 

(e) expansion is possible in stages. 
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In pressure stage of steam turbines, the steam pres 


399. 


sure | 
(a) remains constant while passing through moving 


blades 

(b) varies while passing through moving blades 

(c) is constant after leaving nozzles 

(d) varies after leaving nozzles 

(e) none of the above. 

In velocity stage of steam turbines, the steam 

pressure 

(a) remains constant while passing through moving 
blades 

(b) veries while passing through blades 

(c) is constant after leaving nozzles 

(d) veries after leaving nozzles 

(e) none of the above. 

Rateau turbine is basically a 

(a) pressure compounded turbine 

(b) velocity compounded turbine 

(c) pressure velocity compounded turbine 

(d) impulse-reaction turbine 

(e) a gas turbine. 

In a condensing turbine, the pressure in last stage 

of turbine is 

(a) equal to atmospheric 

(b) less than atmospheric 

(c) more than atmospheric 

(d) may be less or more depending on size of turbine 
and condenser 

(e) unpredictable. 

In pressure compounded turbine 

(a) pressure drop in each stage is equal 

(b) pressure increases as steam flows over blades 

(c) most of kinetic energy of steam is absorbed as it 
passes over moving blades 

(d) pressure remains uniform throughout 

(e) none of the above. 

Parson’s reaction turbine is basically a 

(a) pressure compounded turbine 

(6) velocity compounded turbine 

(c) pressure velocity compounded turbine 

(d) impulse-reaction turbine 

(e) combined cycle turbine. 

The purpose of a barring gear (or turning gear) with 

steam turbines is to 

(a) rotate the rotor and allow uniform cooling on 
tripping of turbine, thus avoiding warping of 
rotor 

(6) crank the turbine 

(c) test the alignment 

(d) stop the turbine 

*. (e) reduce the vibrations. 

. The turbine is immediately tripped if vacuum in con- 
denser drops because 
(a) it lowers turbine efficiency 
(6) temperature in last stage increases which may 


. lead to undue expansion of blades leading to 
rubbing 
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(e) steam can’t be dumped anywhere 

(d) turbine balancing system is disturbed 
(e) condenser will be damaged. 

Which of the following does not represe 
loss in turbine ? 

(a) nozzle losses 

(c) disc friction losses 
(e) back pressure loss. 
The purpose of an air ejector is to 

(a) inject air in turbine for cooling purpose 

(b) provide sealing ! 
(c) remove noncondensable gases from condensa ; 
(d) heat up the condensate ; 
(e) increase turbine efficiency. 
Air from condenser is removed from the coolest zo 
because ; 
(a) the air removed form coolest zone will contain 

least water vapour 

(b) air to be handled will be low 

(c) air handling equipment can be inferior material 
(d) air in condenser is actually removed from the 

hottest zone l 

(e) can be removed from anywhere. 

Bleeding in turbines means 

(a) leakage of steam 

(b) steam doing no useful work 

(c) extracted steam for pre-heating feed water 

(d) removal of condensed steam 

(e) exhausted steam in condenser. 
The commonly used method of governing in steam 
turbines is by 

(a) throttle governing 

(6) nozzle control governing 

(c) bypass governing 

(d) hydraulic governing 

(e) none of the above. 

The actuating medium commonly used in g 
system of steam turbines to control the final act 
is 

(a) pneumatic 

(c) hydraulic 

(e) none of the above. 
If main steam pressure and back pressure ar? 
tained constant, then the Rankine cycle e 
with increase in main steam temperature W! 
(a) increase (b) decrease 

(c) remain unaffected (d) unpredictable 
(e) depends on other factors. 

: us ' pcie i 
Inspite of obtaining high Rankine cycle € e 
with increase in temperature, the main steat 
perature is fixed at 540° because 
(a) it is not possible to produce higher temper 

than this 
(b) cycle efficiency actually drops above 
temperature 


(b) gland leakage 
(d) blade friction | 
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(b) electrical 
(d) power 
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-. ig most commonly u 

i a rughoùi the world y, Heee temperature 
(d) of metallurgical limitations 

(e) higher temperatures are not desirable from 

safety considerations. 

For a given steam temperature of 850°C and vacuum 
of 0.1 kg/cm? absolute, the Rankine cycle efficiency 
will be maximum when steam pressure is 

(a) 100 kg/cm” (b) 200 kg/cm? 

(e) critical pressure (225.4 kg/cm?) 

(d) 250 kg/cm? 

(e) 350 kg/cm”. 

The difference between supersaturation temperature 
and the saturation temperature at the correspond- 
ing pressure is known as 

(a) degree of supersaturation 

(b) degree of undercooling 

(c) degree of superheat 

(d) degree of saturation 

(e) none of the above. 

Rankine cycle efficiency for fixed steam temperature 
of any value upto critical temperature will be maxi- 
mum for steam pressure of 

(a) 160 kg/cm? (b) critical pressure 

(c) 250 kg/cm? (d) 400 kg/cm? 

(e) none of the above. 

Generator in thermal power plants is cooled by 

(a) hydrogen (b) water 

(e) CO, (d) air 

(e) any one of the above. 

For modern power plant using reheating and regen- 
erative cycles, the cycle efficiency can be equal to 
Carnot cycle 

(a) yes (b) no 

(c) if super-critical pressure is used 
(d) if working substance is suitably chosen 

(e) if all losses can be taken care of. 
Reheat cycle in steam power plant is used to 
(a) prevent excess of 10-12% moisture content in 
last stages of turbine 

(b) utilise heat of the flue gases 

(c) increase plant efficiency 
(d) enable two or more cylin 
(e) improve condenser performance. 
The function of a condenser in therma 
is 
(a) to act as reservoir to rece 
(b) to condense steam into condensate to be re 


ders of turbine 
] power plant 


ive steam for turbine 
used 


again 
(c) to create vacuum 
(d) all of the above 
(e) none of the above. 
The vacuum obtainable in a co 
upon 
(a) capacity of ejector 
(b) quantity of steam to be 
(c) any of above two is poss 


ndenser is dependent 


handled 
ible 
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(d) temperature of cooling water 

(e) type of condenser used. 
In surface condenser used in steam power plant 
(a) water flows through tubes and steam is outside 

(b) steam flows through tubes and water is outside 

(c) any of above two is possible 

(d) steam and water mix up 

(e) none of the above. 

The commonly used material of pipes in condensers 

is 

(a) mild steel 
(c) cast iron 
(e) aluminium. 
For a convergent divergent nozzle, the mass flow rate 
remains constant if the ratio of exit and inlet pres- 
sures 

(a) is less than critical pressure ratio 

(b) is equal to the critical pressure ratio 

(c) is more than critical pressure ratio 

(d) is infinity (e) is unity. 

The velocity of steam in a nozzle can be increased 
above sonic velocity by expanding steam below criti- 
cal pressure by using 

(a) parallel section 

(b) tapered section 

(c) abruptly changing cross section 

(d) divergent portion 

(e) ring diffusers. 

The maximum velocity attainable at the throat of a 


(b) stainless steel 
(d) admiralty brass 


steam nozzle is 
(a) much less than sonic velocity 
(b) slightly less than sonic velocity 


(c) sonic velocity 
(d) slightly more than sonic velocity 


(e) supersonic velocity. 
In convergent nozzle, velocity attained is 
(a) velocity of sound (b) supersonic velocity 
(c) around 500 m/sec (d) 1000 m/sec 
(e) none of the above. 
For a convergent divergent nozzle, critical pressure 
ratio occurs when 
(a) velocity at exit becomes sonic 
(b) shock wave occurs 
(c) nozzle efficiency is maximum 
(d) increase in exit and inlet pressure ratio does not 
increase steam flow rate 
(e) none of the above. 
Ifa flow is to be continuously accelerated from a sub- 
sonic to a supersonic velocity in nozzle, it must 
(a) be convergent 
(b) be divergent 
(c) have throat | 
(d) meh st divergent section and then convergent 
(e) none of the above. 
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431. Velocity of steam at any section in the nozzle (ne- 
electing friction 1s) 








(a) 91.5VU (b) ¥91.5U 
— 91.5 
(© 91.5 U E e 
CIN lu 
(e) vl 
91.5 


where, U = heat drop during expansion. 

Critical pressure ratio (ratio of upstream to down- 
stream pressure) for a convergent nozzle is corre- 
sponding to the condition when the 

(a) velocity of steam reaches sonic velocity 

(b) after which the increase in ratio of upstream to 

down-stream pressure does not increase the flow 

(e) friction is minimum 

(d) material of nozzle is in danger 

(e) steam pressure is critical. 

Critical pressure ratio for a nozzle is represented by 
relation 


9 nmin -+1 e 2/n+1 
w| = | 
n+l, n-1l 


y 1 Xn =- 1 ia 2 i 
te Fen n+l 


(e) none of the above. 


432. 


453. 






































434. The value of critical pressure ratio for superheated 
steam 1s 
(a) 0.5 (b) 0.546 
(c) 0.454 (d) 0.64 
(e) 0.64. 
435. The value of critical pressure into for initially wet 
steam 1s 
2 (a) 0.546 (b) 0.5 
(c) 0.554 (d) 0.64 
i (e) 0.582. 
436. The critical pressure ratio for initially dry saturated 
steam is 
(a) 0.546 (b) 0.577 
(c) 0.582 (d) 0.555 
(e) 0.64. 
437. For critical pressure ratio, the discharge through a 
nozzle is 
(a) maximum (b) minimum 
(c) zero 


(d) some value between maximum and minimum 
(e) unpredictable. 


Superheated steam at pressure of 100 kg/cm? is 
q passed through a convergent-divergent nozzle. If 
q critical pressure ratio is 0.55, then at which exit pres- 
ia sure the steam mass flow rate will remain fixed 
(a) 20 kg/cm? (b) 50 kg/em? 


tc) 70 kg/cm? (d) all of the above 
(e) none of the above. 


pohly drop in a steam nozzle be 100 kcal/kg, 
en velocity at outlet of nozzle under ideal 


440. 


441. 


442. 


443. 


445. 


446. 


gy 
MECHANICAL ENGINEEp) 7 
conditions can be E 
(a) sonic velocity 
(c) 159 m/sec 

(e) 915 m/sec. 

For a convergent nozzle the inlet steam pressure į, 
kept constant at 100 kg/cm” and the exit pressure; 
changed and various curves (pressure profiles) ay 
shown in Fig. below. If exit pressure is same as er 
cal pressure then following curve will hold good 


(b) 519 m/sec 
(d) 195 m/sec 


Inlet'press. = Exit press 


Curve A 
! 
A l 
D O ' Curve B 
©.) 2. i 
Ol Curve C 
am 


! 
I 
i Curve D 
! 


Distance along axis ——> 


(6) curve B 
(d) curve D 


(a) curve A 

(c) curve C 

(e) none of the above. 
If in Prob. 440, the exit pressure is made less than 
critical pressure, then following curve will hold good 
(a) curve A (b) curve B 

(c) curve C (d) curve D 

(e) none of the above. 

If in Prob. 440 the exit pressure is made more than 
critical pressure, then following curve will hold good 
(a) curve A (b) curve B 

(c) curve C (d) curve D 

(e) none of the above. 

Which of the following devices uses Wilson’s line 10 
determining flow through it ? 

(a) steam engine (b) steam nozzle 
(c) reaction turbine (d) impulse turbine 
(e) gas turbine. 

The effect of friction in nozzle is to 

(a) keep dryness fraction constant 

(6) increase dryness fraction 

(c) decrease dryness fraction 


(d) first increase dryness fraction upto certain 
and then decrease it 


(e) there is no such criterion. 
Mack number is more than unity in the follo 
portion of a convergent divergent nozzle 

(a) convergent portion (b) straight portion 
(c) throat (d) divergent portion 
(e) none of the above. 

The density of supersaturated steam in com 


to ordinary saturated steam at the corresP 
pressure is about 


jimit 


wing 


paris 
ondiné 
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(p) 0.5 times 
ld) A times 


(a) 0.125 times 
(c) 1 times 

(e) 8 times. 

For a convergent-divergent nozzle the inlet steam 
pressure is kept fixed at 100 ky/em? and it ig designed 
for exit pressure of 20 ky/em~, If exit pressure is 
varied, then various curves (pressure profiles) 
inlet pressure 
exit pressure 
axis of nozzle are plotted in Fig, below, 


between versus the distance along the 


Inlet 
——pP 


Inlet pres. = Exit pres, CurveA-—y 


inlet 
press. 


Exit pres. 






Distance along axis — 


If exit pressure is made equal to critical pressure 
then following curve will hold good 


(a) curve A (b) curve B 
(c) curve C (d) curve D 
(e) curve E. 


If in Prob. 447, the exit pressure is reduced consid- 
erably below critical pressure, say at design pres- 
sure of 20 kg/cm?, then following curve will hold good 


(a) curve A (b) curve B 
(c) curve C (d) curve D 
(e) curve E. 


If in prob. 447, the exit pressure is above the critical 
pressure, say 65 kg/cm”, then following curve will 


hold good 

(a) curve A (b) curve B 
(c) curve C (d) curve D 
(e) curve E. 


re is below critical 


. it pressu 
If in Prob. 447, the exit p essure then follow- 


pressure and above design exit pr 
ing curve will hold good 


(a) curve A (b) curve B 
(c) curve C (d) curve D 
(e) curve E. . 
Under thermal equilibrium, flow of steam is 
(a) isentropic (b) adiabatic 
(c) hyperbolic (d) polytropic 
(e) parabolic. ned 
i i cribed as 
MORAIRE useful heat drop 


isentropic heat drop (p) 


useful heat drop isentropic heat drop 


(a) 


A 
SI 
$< 


455. 


456. 


457. 





ae saturation temperature 
supersaturation temperature 
superse i y 
(d) Supersaturation temperature 
saturation temperature 
í pressure corresponding to 
(e) saturation temperature 
| pressure corresponding to )\’ 
supersaturation temperature 


3. For a steam nozzle having throat area A; initial pres- 


sure p, and initial specific volume v, maximum dis- 
charge is given by 


(a) CA J plv 


(c) CA (piv)? 


(e) CA vulp. 


(b) CA (p/v)¥3 
(d) CA (plv)? 


. For a convergent-divergent nozzle designed for inlet 


steam pressure of 150 kg/cm? and exit pressure of 
30 kg/cm?, the various velocity distribution diagrams 
for different conditions of exit pressure are shown in 
Fig. below. 


A 


Ks 
or 


Re) 


Inlet Throat Exit 


Distance along axis of nozzle 


If exit pressure is same as design pressure of 
30 kg/cm? then following curve will hold good 

(b) curve B 

(d) curve D 


(a) curve A 

(c) curve C 

(e) none of the above. 
If in Prob. 454, the exit pressure is below critical 
pressure, say 50 kg/cm?, then following curve will 
hold good 

(a) curve A 

(c) curve C 

(e) none of the above. 


(b) curve B 
(d) curve D 


Ifin Prob. 454, the exit pressure is maintained above 


critical pressure, say 100 kg/cm2, then following 
curve will hold good 


(a) curve A 

(c) curve C 

(e) none of the above. 
If the cross-section of a nozzle is increasing in the 
direction of flow in supersonic flow, then in the down- 
ward direction 

(a) pressure wil] decrease a 


(6) curve B 
(d) curve D 


nd velocity will increase 
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Work delivered ? 


(b) velocity will decrease and pressure will increase (b) Nozzle e ficiency — 


(c) both pressure and velocity will increase 


(d) both pressure and velocity will decrease 7 | solair work delivered h is 
(e) pressure will remain constant and velocity w1 (c) Diagram e y isentropic enthalpy qe 
"p 


increase. 
458. The flow of steam in a nozzle is subsonic at (d) Blade e ficiency — work an on moving ‘bl dd 
(a) throat (b) entrance actual enthalpy drop Y 


(c) convergent portion 


è ; ‘ te 
isentropic entha| py Fe 
p 








Match List I with List II and select the correct, 


g the codes given below the lists: Swe 


467. 
usin 


















(d) divergent portion 
(e) convergent divergent portion. List I List II 
459. If the cross-section of a nozzle is decreasing in the (Variable (Name of device) 
direction of flow in sub-sonic flow, then in the down- area devices) 
ward direction ae 
(a) pressure will decrease and velocity increase A. 5 Pr increases 1. Supersonic nozzle 
(b) velocity will decrease and pressure increase ee 
(c) both pressure and velocity increase B. > Pr increases 2. Supersonic diffuser 
(d) both pressure and velocity decrease ad 
(e) pressure will remain constant and velocity will C. — Pr decreases 3. Rayleigh flow device 
increase. rr 
460. A nozzle is said to be choked when D. — Pr decreases 4. Subsonic nozzle 
(a) flow through it is zero i 5. Subsonic diffuser 
(b) flow is attained at maximum value corres- Codes: A B C D 
ponding to critical exit pressure 
a i . . (a) 5 1 4 2 
(c)it is not possible to increase the flow by (b) 5 4 3 A 
increasing inlet pressure 
(d) it is discharging into atmosphere (c) 2 4 I 3 
(e) it is plugged. (d) 5 2 4 1 
461. The supersaturation of steam results in slight 468. Symmetrical blading is used in a turbine when its 
(a) increase in entropy degree of reaction is 
(b) increase of final dryness fraction (a) 25% (b) 50% 
(c) increase of discharge (c) 75% (d) 100%. 
(d) increase of density 469. Match List I (turbines) with List II (classification) 
(e) all of the above. and select the correct answer using the codes given 
462. Shock effect in a nozzle is felt in below the Lists: 
(a) divergent portion (b) straight portion List I List II 
(c) convergent portion (d) throat A. Parson’s 1. Pressure compounded. 
(e) none of the above. B. De Laval 2 Reaction. 
463. A regenerative steam cycle renders C. Rateau 3, Simple impulse. 
(a) increased work output per unit mass of steam D. Curtis 4. Velocity compounded. 
(b) decreased work output per unit mass of steam Codes: A B C D 
(c) increased thermal efficiency (a) 3 9 1 4 
(d) decreased work output per unit mass of steam as (b) 9 3 4 1 
| well as increased thermal efficiency. 
a 464. In a De Laval nozzle expanding superheated steam (c) 5 3 1 5 
+ from 10 bar to 0.1 bar, the pressure at the minimum (d) 3 2 4 ` } 
cross-section will be 470. In the Orsat flue gas analyser, ammoniacal cupro% 
(a) 3.3 bar (b) 5.46 bar chloride is used to absorb 
(a) CO, (b) CO 


(c) 8.2 bar (d) 9.9 bar 


465. The isentropic enthalpy drop in moving blade is two- 
thirds of the isentropic enthalpy drop in fixed blades 471. The correct sequence of the given steam tur 
» of a turbine. The degree of reaction will be the ascending order of efficiency at their 


~ (a) 0.4 (b) 0.6 points is 
(d) 1.66 (a) Rateau, De Laval, Parson’s, Curtis 


(b) Curtis, De Laval, Rateau, Parson’s 
(c) De Laval, Curtis, Rateau, Parson’s 
(d) Parson’s, Curtis, Rateau, De Laval. 


(c) O, (d) N}. nines 
desi? 


ich one of the following pairs is correctly matched? 
actual enthalpy drop 


( ) Stage efficiency - ——————"——**" 5 
i isentropic enthalpy drop 
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At which location of a converging-diver 
412. Joes the shock-boundary layer interactio 
Wa) Converging portion (b) Throat 
(c) Inlet (d) Diverging portion. 

73, The effect of friction in a steam nozzle is to 
y (a) increase velocity and increase dryness fraction 
(b) increase velocity and decrease dryness fraction 
(c) decrease velocity and increase dryness fraction 
(d) decrease velocity and decrease dryness fraction. 
474. List I, gives the various velocities in the v 
diagrams of a two-stage impulse turbine. List II 
gives the blade angles. Match the velocity from kist 
Į with the angle in List II and select the correct 
answer using the codes given below the lists: 
List I List II 
A. Relative velocity of 
steam at inlet tip of 
blade 


ging nozzle, 
n take place? 


elocity 


l. Nozzle angle 


B. Absolute velocity of 2. Moving blade leading 
steam at inlet tip of edge angle 
blade 
C. Relative velocity of 3. Moving blade trailing 
steam at outlet tip edge angle 
of blade 
D. Absolute velocity of 4. Fixed blade leading 
steam at outlet tip edge angle. 
of blade 
Codes: A B C D 
(a) 1 2 4 3 
(b) 2 1 4 3 
(c) 2 1 3 4 
(d) 1 2 3 4 


475. Which one of the following relationship between 
angles of fixed blades and moving blades corresponds 
to that of Parson’s turbine ? 

(a) a =% (b) a, = By 
(c) a, = B, (d) B, = Pz 

476. Match List I with List II and select the correct an- 

swer using the codes given below the lists: 


List I List II 
A. Soot blower 1. Removal of solids from 
7 boiler drums 
 B. Electrostatic 2. To clean the tube 
~ precipitator surfaces of fly ash 
_ C. Blow down 3. Cleaning of flue gas 
_ D. Zeolite 4. Air cleaning. 
og 5. Water purification 
eow 2 4 3 5 
; A (0) 1 3 yi 5 
0 3 2 t. 4 
oe i (d) 2 3 1 5 


477. 


478. 


479. 


480. 


481. 





In a Rankine cycle, with the maximum steam 
temperature being fixed from metallurgical 
considerations, as the boiler pressure increases 

(a) the condenser load will increase 

(6) the quality of turbine exhaust will decrease 

(c) the quality of turbine exhaust will increase 

(d) the quality of turbine exhaust will remain 

unchanged 
Match List-I (Name of boiler) with List-II (Special 


features) and select the correct answer using the 
codes given below the lists: 


List-I List-II 
A. Lancashire 1. High pressure water 
tube 
B. Cornish 2. Horizontal double fire 
tube 
C. La Mont 3. Vertical multiple fire 
tube 
D. Cochran 4, Low pressure inclined 
water tube 
5. Horizontal single fire 
tube 
Codes: A B E D 
(a) 2 5 1 3 
(b) 2 4 3 1 
(c) 1 5 2 3 
(d) 5 4 1 3 


The p-V diagram for the reciprocating steam engine 


is shown in the Fig. below. The length A-B repre- 
sents the 





Saturation 
Curve 


V 


(a) condensation loss 


(b) friction loss 
(c) missing quantity 


(d) dryness fraction. 


Benson boiler is one of the high pressure boilers 
having 


(a) one drum 


(b) one water drum and one steam drum 


(c) three drums (d) no drum 


The compounding of steam turbines is done to 
(a) improve efficiency 


(b) reduce turbine speed 
(c) increase blade Speed ratio 
(d) reduce axial thrust. 
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482. 


Match List-I (Different turbine stages) with List-II 


(Turbines) and select the correct answer using the 
codes given below the lists: 


List-I List-I 
A. 50% reaction stage 1. Rateau 
B. Two-stage velocity 2. Parson 
compounded turbine 
C. Single-stage impulse 3. Curtis 
D. Two-stage pressure 4. De-Lavel 
compounded turbine 
5. Hero 
Codes: A B C D 
(a) 5 1 2 3 
(b) 5 3 2 1 
(c) 2 3 4 1 
(d) 3 1 4 2 
483. The expression for the maximum efficiency of a 


484. 





486. 


487. 


Parson’s turbine is (a is the angle made by absolute 
velocity at inlet) 
2 


2 
(a) £08 jes 
2(1+ cos” a) 2 cos” a 
2 
ee dy 2. 
1+cos* a 1+ cos? g 


Which one of the following safety devices is used to 
protect the boiler when the water level falls below a 
minimum level ? 

(a) Water level indicator (b) Fusible plug 


(c) Blow off cock (d) Safety valve. 





Fig. above shows an ideal Rankine cycle. Rankine 
cycle efficiency = 


(a) Poa=ha œ) Žele 
hg -hp h4 — hp 
(c) haa hp (a) teto 
hc - hp c—ha 


Condensers in thermal power plant are heat 
(a) exchanger (b) generators 
(d) modifiers 
Condenser enables obtaining 

(a) maximum efficiency of steam turbine 
(b) steam at low temperature 


(c) cooled water 


(c) conservators 


(d) environmental control 


488 


489. 


490. 


491. 


492. 


493. 


494. 


495. 


496. 


497. 


498. 






Undercooling in steam condenser is 

(a) desirable (b) undeorable 
(c) immaterial (d) dangerous 
(e) none of above 

Steam jet ejector system is used to 

(a) condense steam 

(b) maintain vaccum in condenser 

(c) push flue gases in chimney 

(d) purify feed water 

Which is not the function of condenser 
(a) saving on steam required per unit of electricity 
(b) convert exhaust steam to water for reuse in cy 
(c) cause slight fall in cycle efficiency 


(d) obtaining reduced pressure and more turbin 
work 


Modern thermal plants use 
(a) direct contact condenser 
(b) surface condenser 

(c) air cooled condenser 

(d) jet type condenser 


For sea water cooling, the material used for con 
denser tubes is 


(a) cupro-nickel (b) stainless steel 


(c) titanium (d) bronze 
Exhaust steam in big condensers flows 
(a) through tubes (b) through ejectors 


(c) outside the tubes (d) through cooling tower 


nag efficiency of electrostatic precipitator is affected 
y. 

(a) size of electrode (b) voltage level 

(c) resistivity of the duct collected 

(d) speed of gases | 

Which electrode is suitable for high performance col- 
lection of high-resistivity dust 

(a) moving electrode 

(b) electrode with probes 

(c) helix shaped electrode 

(d) electrode with holes 

The dust particles collected on ESP plates is removed 
by 

(a) air jet (b) water jet 

(c) rapping the plate (d) electrical pulses 

The dust collection efficiency of ESP is greatly influ: 
enced by 

(a) dust and mist in gases (b) length of electrode 
(c) voltage level (d) electrostatic field 


: ces 
In ESP, ionised particles, due to electrostatic for 
are directed towards 


(a) centre (b) +ve electrode 
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| (c) grounded plates 
(d) both +ve and -ve electrodes 


_ ESPs work best under normal resistivity conditions 
The value of normal dust. resistivity is between ) 


(a) 103 and 10° ohm em (b) 10° and 108 ohm cm 
(c) 107 and 10!’ ohm cm (d) 109 and 1012 ohm em 


i P 4 O Baas i . 
_ High resistivity of dust particles can be reduced by 


DOD. 





(e) break water into fine particles 
(d) cause maximum turbulence 


’ ‘ i . . 
In today’s application, type of cooling towers com- 


monly used are 
(a) counter flow (b) cross flow 


(c) parallel flow (d) mixed flow 


| (a) adjusting temperature and increasing moisture 5606. For cooling towers, approach is defined as the diffe- 
content sai between temperatures of water leaving the 
. “8 P C rt, r 
| (b) adding conditioning agents (like NH.) ins 7 ae rand 
| , . a) wet bulb te rature of ai 
(c) increasing collection surface area and using hot (l i a oa ,. Hp 
side precipitators ») water entering the cooling tower 
| (d) all of above (ce) dry bulb temperature of air 
501. Voltage for ESP may vary around (d) surrounding air 
07. The spacing between natural draft cooling towers 
240 to 300 V i [ g oling 
(a) (b) 1.1 kV to 10 kV compared to forced draft cooling tower 1s 
(c) 10 kV to 20 kV (d) 10 kV to 100 kV (a) high (b) lower 
502. For effective dust removal, voltage between the dis- (c) high/low depending on size of cooling tower 
charge electrode and collection plate must be (d) could be any value 
a) high enough to cause stable iscl | , 
sa p , i pene discharge 508. If RH air is high, volumetric size of cooling tower 
(b) insufficient to cause sparking will be 
(c) high enough to cause sparking (a) bigger (b) smaller 
(d) (a) and (b) above (c) big/smaller depending on size 
503. Cooling tower derives primary cooling effect from (d) no such correlation exists 
(a) heat exchange between surfaces 509. The initial cost and operating cost of natural draft 








(b) evaporator of water 

(c) air movement 

(d) mixing of water and air 
504. Cooling towers are designed to 


(a) expose the maximum transient water surface to 
the maximum air flow 


(b) achieve high air flow through tower 





cooling tower compared to forced draft cooling tower 
is 

(a) high, low respectively 

(b) low high respectively 

(c) high and low respectively 

(d) low and low respectively. 











1, (a) 2. (b) 3. (a) i . 6. (c) 7. (e) 8. (b) 

9. (c) 10. (a) 11. (c) 12. (b) 13. (c) 14. (e) 15. (c) 16. (a) 

17. (b) 18. (b) 19. (a) 20. (a) 21. (c) 22. (b) 23. (e) 24. (a) 

25. (a) 26. (a) 27. (b) 28. (b) 29. (a) 30. (c) 31. (e) 32. (e) 

33. (a) 34. (c) 35. (c) 36. (d) 37. (d) 38. (a) 39. (b) 40. (b) 

41. (d) 42. (d) 43. (a) 44. (a) 45. (a) 46. (a) 47. (d) 48. (a) 

49. (b) 50. (d) 51. (b) 52. (b) 53. (c) 54. (b) 55. (a) 56. (d) 

57. (a) 58. (c) 59. (c) 60. (b) 61. (b) 62. (b) 63. (a) 64. (c) 

< 65. (e) 66. (e) 67. (c) 68. (b) 69. (d) 70. (e) 71. (a) 72. (a) 
E Bo Tå. ta) 75. (d) 76. (d) 77. (b) 78. (e) 79. (a) 80. (e) 
= 81, (a) 82. (a) 83. (a) 84. (e) 85. (d) 86. (e) 87. (b) 88. (a) 
89. (a) 90. (d) 91. (c) 92. (d) 93. (d) 94. (e) 95. (a) 96. (a) 
Be 97. (c) 98. (a) 99. (a) 100. (d) 101. (c) 102. (b) 103. (c) 104. P 
i < 105, (e) 106. (d) 107. (c) 108. (d) 109. (a) 110. (c) 111. (c) o. ©) 

118. (a) 114. (e) 115. (c) 116. (c) 117. (a) 118. (e) 119. (d) Dr 
121, ( 124. (b)! 125. (b) 126. (a) 127, ee 

. (c) 122. (c) 123. (e) 27. (c 






i dicate that explanatory note is given at the end. 
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505. (b) 506. (a) 507. (b) 508. (a) 509. (a) wt 


*Indicates that explanatory note is given at the end. 
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134. (b) 
131. (b) 132. (6) r r 142. (c) 14a (c) 
129. (a) 130. (d) ) 140. (e) 141. 150. (a) 151. (c) 152 K. 
137. (c) 138. (e) 139. (c +48. (2) 149. (c) i 159. (a) 160, 
145. (d) 146. (a) 147. rs 156. (c) 157. (a) rae.) 167. (d) 16 i 
153. (b) 154. (b) 166. (2) 164: (a) 165. (c) sata) RE: e) 
. (d) 163. (e) 173. (d) 174. (a (0) 
161.(c) 167 D 171. (a) 172. (c) 51. (d) 182. (b) 183. (b) 184, (o) 
e i i o 179. (c) pan ‘eo. (c) 190. (b) 191. (b) 192, (4) 
-i - 186. (c) 187. (d) JBA, (2) 197. (b) 198. (a) 199. (d) 200. (b) 
i 2 194. (d) 195. (c) nat wa 905. (a) 206. (d) 207. (c) 208. (a) 
201. (a) 202. (e) 203. (d) ana 17 aida) 214. (c) 215. (b) 216. (a) 
209.(b) 210. b) 211. (d) laa 991. (a) 222. (c) 223. (b) 224. (d) 
217. (b) 218. (c) 219. (c) 220. E sap) 930. (a) 231. (c) 232, (b) 
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PLANT ENGINEERING 


In longitudinal direction, there is twice the unit 
stress compared to circumferential seam. 


Higher is the chimney, more will be the area of spread 
of pollutants and less pollutant in unit volume of 
surrounding air. It may be noted that in big power 
plants, the main purpose of chimney is not to create 
draft but to control pollution. 

It may be noted that all four are correct but (a) is 
most predominant cause. 


All four answers are correct but (a) is best reason. 


Total angle to be moved is 10° for old angle of ad- 
vance plus 90° for old zero angle ahead of crank plus 
90° for new zero angle ahead of crank and 10° for 
new angle of advance = 200°. 


In regenerative steam cycle, a part of steam is ex- 
tracted from turbine and utilised to heat up conden- 
sate. In this way some work is lost per unit mass of 
steam corresponding to steam extracted out, but its 
heat is not wasted to cooling water but conserved 
within the cycle thus increasing thermal efficiency. 
Accordingly (d) is the correct answer. 


The isentropic index for superheated steam is 1.3 


n 


and throat pressure p, =p, | 2 n-1 
Atl 





EXPLANATORY NOTES 
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2 \03 2 
-1 -10(2) 
of] PAS 


\4.43 





= 10 x 0.86947 = 10 x 0.546 = 5.46 bar. 
Degree of reaction 


_ Ah (moving blade) 
~ Ah (moving blade) + AA (fixed blade) 


Ah (fixed blade) 


Ake (fixed blade) + 5 Ah (fixed blade) 





Lancashire boiler is horizontal double fire tube type, 
Cornish boiler is horizontal single fire tube type, La 
Mont boiler is high pressure water type, and Cochran 
boiler is vertical multiple fire tube type. 

50% reaction turbine is Parson, 2-stage velocity com- 
pounded turbine is Curtis, single stage impulse tur- 
bine is De-Lavel, and 2-stage pressure compounded 
turbine is Rateau. 


| PROBLEMS 


Provide single suitable word(s) for following 
statements : 


. At pressures lower than 0.006112 bar, the ice 


- Superheated steam behaves like 
. At very high pressures, the volumes of saturated water 


- During throttling process, 


- Diagram showing properties of steam on 





PROPERTIES OF STEAM 


. At a pressure of 0.006112 bar, the melting and boiling 


temperature become equal and the change of phase ice- 
water-steam is shown on T-v diagram by ........--+++:+++++++ 


. At a pressure of 0.006112 bar and temperature of 


273.16°K, ice, water and steam coexist and such a con- 
dition is represented by 


to steam. 


. Ata pressure of 221.2 bar and temperature of 374.15°C, 


the change of volume accompanying evaporation is 


TPP eeesereseeseneses 
CPP nee ese ete neseeeee 


. There is no definite transition from liquid to vapour 


and two phases can’t be distinguished visually. 
gas. 


by omitted from calculations. 
remains un- 


*. 
Toes arene resseseseeee 


. 
PTO TTET LEA i 


changed. 
enthalpy vs. 


entropy chart. 


12. 


13. 


14. 


With increase in pressure, the enthalpy of evaporation 
With increase in pressure, the enthalpy of dry satu- 
rated steam 


For measuring dryness fraction of the order of 0.98, 
calorimeter is used. 


STEAM BOILERS 


Units used with pulverised coal fired boilers in order to 
reduce atmospheric pollution. 


. The coal and air pass directly from the pulveriser to 


the burners and the desired firing rate is regulated by 
the ratio of pulverising. 


. Type of pulveriser adaptable to highly abrasive fuels 


having high silica content. 


. It mizes and directs the flow of fuel and air so as to 


ensure rapid ignition and complete combustion. 


. Air initially mixed with the fuel to obtain rapid ignition 


and to act as a conveyor for the fuel. 


. Air introduced to the burners outside of the primary- 


air ports, in order to ensure complete combustion. 


. Type of atomiser used for providing an operating range 


of 10 to 1 in oil burners. 


. The burner tips in corner fired boiler are tilted to control 


. A furnace designed to burn low-ash-fusion coals and to 


retain most of the coal ash in the slag. 
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8. perfect 


2 > . r P $ turi 
The pressure limit upto which drum ty A -e iai 
gá . 12 > fe » t: » 
assisted circulation boiler are restrictec il 
circulation of steam-separavion characteristics. 
tion in 


Component to add heat to steam after evapor: 


furnace. 

Component to remove 
temperature combustion gases 
sections of the boiler unit. 
Type of air heater in which the stationary metal parts 
form a separating boundary between the heating and 
cooling fluids, and the heat passes by conduction 
through the metal wall. 

Type of air heater in which heat transferring mem- 


bers are moved alternately through the gas and air 
and cooling 


heat from the moderately low 
after superheat/reheat 


streams undergoing successive heating 
cycles and transferring heat by the internal storage 
capacity of the members. 

Circulation produced in boiler by the difference in the 
densities of the water in the unheated down-comers 
and the steam-water mixture in the heated tubes. 

In assisted circulation type of boilers, the quantity of 
water pumped (usually) in comparison to the amount 
of steam evaporated is .........sssessrsrsesssee. 

Boiler requiring no steam drum and using relatively 
small-diameter tubes. 

Effect caused by the difference in densities of flue 
gases in chimney and surrounding air. 

The greatest factor in the corrosion of steel surfaces 
in contact with water in boilers is .............. 

Dissolved oxygen is removed from feedwater for boiler 


Corrosion in boilers is prevented or minimised by 
maintaining ............. boiler water. 

The pH of a water sample can be determined accu- 
rately by the measurement of its .......... 

The elimination of hardness in boiler water is 
necessary to prevent .............. 


STEAM ENGINE 
Steam engines depend for their operation on the 
power of the steam. 


The expansion ratio in steam engines is limited due 63. 

MAD EEEN 

The ratio of expansion in simple steam engines is of 

the order of ............. 64. 

The efficiency of steam engines is dependend largely 

on the value of the .......... E 

The ratio of area of actual indicator diagram to the iti 

area of theoretical card is called ......... , 

The mechanical efficiency of steam increases as the nae 

load ........ 

Condensation losses in steam engine are related to 67. 

the temperature difference existing in the cylinder 

which can be reduced by using .......... | 
ANSWERS 


a straight line 
critical point 


2. triple point line 
6. zero 
9. Can not 


il or 


of 


masor = 


46. 


47. 


48. 


60. 


3. sublimates 
7. at critical point and above 
10. enthalpy 









E 
Fi 


result in overall improvement in perfor 
: ‘She 
and also reduces the cylinder », 4 


and water rate, lên, 


sation. 
- » . P ‘aner S 18 ê) Ai ta 
The efficiency of steam engines is expressed jp teny 


Steam engine economy may be improved by Separati 

` ‘ - f âtie 

of inlet and outlet ports, applying steam Jackets y 
cylinders and heads, and using ........ 


initial condensation, radiation and 


TTYL ELELEE d 


There is no compression or clearance in the 


STEAM TURBINES 


According to details | ee design, the steam turbines 
may be classified as impulse or reaction, 

The total pressure drop for the stage is taken acros 
the nozzles. 

The flow through the rotor blades is substantially a 
constant static pressure. 
Multivelocity stages occur in ......... 
The total pressure drop assigned to the stage ts divided 
equally between the stationary blades and the rotar 


turbine 


blades. 

TAO iT buckets do much more turning of the steam. 

Blade length/steam passage width. 

Leakage loss of steam between inner circumference of 

stationary element and rotor is minimised by malt 

taining minimum practical clearance and by use o 

In stages with short blades, the best net efficient 

obtains with near ....... design. 

The presence of moisture in the steam causes est? 

The ratio of total internal used energy to the jsentropit 

available energy. 

In condensing turbines expanding to high vacuum, the 

ratio of volume of steam at exhaust to that at inlet® 

around ....... 

eevee keep the rotor turning at slow speed to mat” 
apa g peed to m 

tain uniform temperature when the turbine 15 ` 

down and cooling. 

: ; onre i nd 

PPE on the turbine rotor is caused by pressurè “ 

velocity differences across the rotor blades. 

The pe i . „nerato 

I he performance of central-station turbine-gen™ 

is generally expressed as ....... 

The unit of heat rate is .......... 





4. zero 


11. Mollier diagram 
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WER PLANT ENGINEERING 


decreases 13. decreases 
electrostatic precipitators 

burner 19. Primary air 
steam temperature 23. cyclone 
economiser 27. recuperative 

4—6 times 31. once through type 
deaerator 35. alkaline 
expansive 39. practical losses 
diagram factor 43. increases 

kg of steam per h.p. hour 

throttling 50. Rankine 

impulse stage 54. impulse 

impulse 58. aspect ratio 
losses 62. internal efficiency 
axial thrust 66. heat rate 


. throttling 

. direct fired system 
. secondary air 

. 183 kgf/cm? 

. regenerative 

. Stack 

. electrical potential 
4 

. cylinders in series 
. uniflow 

. Rankine cycle 

. curtis 

. labyrinth packings 
. 1000 

. kcal/‘kWhr 


17. 
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slow-speed, rotating drum type 
. steam and air type 
. superheater 

. natural 

. dissolved oxygen 

. scale 

. ratio of expansion 

. superheating 

. multiple expansion 
. stage 

. reaction stage 

. impulse 

. turning gear 














Solar Energy 
The ultimate source of energy is solar power. It Is an 
inexhaustible, clean, cheap and abundantly available 


renewable energy. The sun radiates heat and light and 
supports the environment on the earth through the well- 
kno... natural effects like photosynthesis, 
organic chemicals and biomass, temperature 
earth, wind movement, water cycle, heating of ocean water, 
waves and tides in ocean. 

Many renewable sources of energy like geothermal, 
winds, bio-mass, ocean thermal, organic chemicals, ocean 
wave, fossil fuels and ocean tide find their origin in the sun. 


production of- 
balance on the | 


The solar energy received on earth can be used for | 


heating and producing electrical energy. It is received in 
cyclic, intermittent and dilute form with low power density 


of 0 to 1 kW/m. Solar spectrum has waves ranging from infra- 


red frequencies to ultraviolet frequencies. The direction of 
solar rays changes during the day and with season and is 
also affected by atmospheric clarity, degree of latitude. 

Solar energy finds wide applications as follows: 
Human survival in fact is dependent on it. 


e Passive heating applications. Heat is received and 
used for heating water, housing, cooking, drying, 
green-houses, etc. All such applications can use 
solar energy directly without any conversion. 

& 


Solar thermal energy application of medium 
temperature for producing process heat, steam, 
desalination plants and chemical industries. 


e Application at high temperature include producing 
electrical energy through solar, thermal, electrical 
energy conversion in central receiver power plants 


Solar to electrical energy direct conversi 

i ersion by phot 
voltaic cells (PV-cells or Solar cells) for ie a 
medium power ratings. Several PV cells are 
connected in series, parallel and placed in weather 


proof ‘module’ which are furth 
i er i 
series—parallel to form a ‘PV-array. i 


Solar Radiation. The sun radi 
: . ad = 
watts of power in all directions, Out my about 3.8 x 1026 


watts power in intercepted by the earth his about 1.7 x10!7 


The solar radiatio i 
l n received outsi i 
atmosphere is called extra-terrestrial mee the earth'è 


i solar radiati 
extra-terrestrial solar radiation is almo diation. The 


‘ st constant : 
affected by the atmospheric gases, vapours, dust t mam 





The diameter of the sun is about 1.39 x 10 be T 
he earth is about 12000 km. The mean diets. P 
sun and the earth is 1.49 x 10° km. The at 


diameter of t 
between the 
subtends an angle of 
the radiation 
radiation of lig! 
The extra terrestrial 
radiation. 


39 minutes at earth's surface. } 


radiation is essentially at 

The average solar 
atmosphere 
kW/m? in January and 1.33 
earth is nearest to the sun and in July it ts farthest aw: 


` ° r . Pa d , aA Agta 
Solar radiation received on earth’s surface had ce | 


variation with atmospo* 
clarity, with latitude of the location and also with 


angle. 


variation, seasonal variation, 


is 


Solar Constant. The solar radiation received per = f 


54% a 


=- 


area normal to sun rays, in a space outside the 


: 4 3 * A Ç pi 
atmosphere at earth is called Solar Constant '9' I | 


constant and is not effected by daily, seasonal, atm 
condition, clarity of atmosphere etc. 


P 
hat 


Solar constant refers to the ‘Extraterrestrial rae" g 


á 
of) BY 4 
jäs 


(beyond the earth’s atmosphere). However, the solar ra p 

, fw E Aù g a . : - il r Qa 
on a particular location on the earth 1s affected by 
seasonal variation and atmospheric clarity. 


watt 
à rT) 7 | ar ener 
| On entering the atmosphere, part of the sola ro heh f 
[A v a ® i { n S 
is absorbed in the atmosphere and gets converted n A 


t 


So b 3 A n . ~ ¢ 3 ere 
me of the energy is Scattered through the atmosP™ y 


refle a sga 4 ° r ra = CPI lour & af 
ke sei off the air particles and giving bluish or eT 
` y . n cloudy days, more energy is scattered, a oi ” 


reaches the earth directly. On reaching the earth, part 


energy is reflected. if 
eae Que 
Collector receives direct (beam) radiation: 
radiation, reflected radiation, and global radiatio™ gt 
Solar Thermal Energy Collection. Solar Pr 4 
ie density . The collectors receive the heat from r Ne 
and give it to the heat-transport fluid. Flat-plat pie 
are used for / cati ‘or oe 
À or low temperature applications > prat 
; igher temperature of heat transport fluid, the ei peš 
ocussed on a collector which is tracked in two Pj 
. $ a 
Following solar thermal collection syste™™ e 
used for medium and high temperature applicat? 
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= ked while less reaches the earth. Some eners > eli 
y dark clouds, dust particles ete. The rest of t oft 


reveived by the earth is with parailel rays sef 
it with parallel rays is called a beam radigts € 
a hoon 7 


radiation outside the eani 
‘s about 1.35 kW/m“, with variation between l4 
kW/m? in July. In January, t$ 


| 
| 


¢ 


| 





gounceSs OF ENERGY 
AL 


_nersed OF Distributed receiver systems of either 


1. pispe 


abolic trough collectors with line focus, or parabo- | 


ioid dish collectors with point focus. 


Each collector individually heats-up its own receiver 


and receivers are connected with piping system for 

the flow of fluid. 

Central Receiver Systems. Several heliostats on 
"ound level reflect the sun light to the single cen- 

tral receiver on a tall tower. The purpose of solar 

thermal collectors, concentrators and reflectors is to 

utilize maximum power from the sun light. 


ee 
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Absorber temperature, 
heat transfer fluid temperature —— K 
Fig. 6.1. Characteristics of various types of collectors. 
awe = Absorption/Reflection ratio of collector surface. 


The solar thermal collectors are of following types: 
(i) Flat plate collectors 
(it) Modified flat-plate collectors 
(iii) Paraboloidal dishes 
(tv) Fresnel lense type 
(v) Parabolic trough 
(vi) Flat plate collector with adjustable mirrors 
(vit) Compound parabolic concentrator 
(viii) Central receiver with heliostat reflectors 
he important features of a collector system are: 
— Focussing of non-focussing type 
— Temperature of working fluid attained, t.e., low 
temperature, medium temperature, high 
temperature. 
— Tracking type or non-tracking in one plane or track- 
ing in two planes. 
— Distributed receiver collectors or central receiver 
Collectors, 
` Tiii and configuration of collectors in the solar 
ield. 


layout ciency of thermal collectors is function of collector 





important features of a solar collector system are 
concentration ratio and temperature range. 


Concentration Ratio 


Solar radiation on surface, kW/m? 
Solar radiation on surface of focus of collector, kW/m?” 


Flat-plate collectors have concentration ratio of only 1. 
The resulting temperature of heat transfer fluid is less than 
150°C. Concentration ratios upto 100 can be achieved by 
parabolic trough collectors with sun tracking in one plane. 
Concentration ratios of the order of 1000 can be obtained 
with heliostats with sun-tracking in two planes. 

Absorption/Reflection ratio (a/e) (varying in the range 
^f 1 to 40) of the collectors surface has a significant effect on 
the temperature attained by the heat transport fluid. Fig. 
6.1. gives graphs of concentration ratios for various types of 
collectors and for various values of (a/e). 

The performance of a collector is evaluated in terms 
of its collector efficiency which is ratio of energy collected, to 


_ energy incident on the collector. 


’ Collector tracking, atmospheric clarity, etc. Other | 


For a given rate of solar insolation (W/m?), the collector 
efficiency decreases with the increasing difference between 
the collector temperature and the outside temperature. Flat 
plate collectors are used for low temperature applications 
only. They are not economical for high temperature 
application. 

Simple Flat Collectors (Refer Fig. 6.2) 


Flat plate collectors absorb both beam and diffuse 
components of radiant energy. Hence they can function 
without need for tracking the sun. Also they absorb energy 
even during cloudy and hazy atmosphere. The simple flat 
plate collector has a coated flat heat absorber plate with 
channels or tubing in contact with the plate for passage of 
working fluid. The absorber plate is a specially treated 
blackened metal surface. Sun rays striking the absorber plate 
are absorbed by the absorber plate resulting in the 
temperature rise of the absorber plate. Transparent covers 
of glass sheet are placed on the upper side of the absorber 
plate to reduce thermal losses. Thermal insulation is provided 
between the absorber plate and the casing. The total panel 
is installed on a support structure. 


, KA 
e yon 4 e A 
agia “nk z Qy. 
geam ' ‘ ‘ T j p Z , Nay, 
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Anti-reflection 
AN coating on 

| A glass plate 
y 


Thermal 
insulation 
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Weather 


proof casing Collector plate black, treated metal 


Black painted metal tubing bonded 
to insulation for flow of heat-transfer fluid 


Fig. 6.2. Cross-section of a flat plate thermal collector. 
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emperature achieved 


TE nce t 
Concentration ratio 1s 1. He solar water 


° e e de 
are low (around 100°C). Applications pars an 
heating systems for residence, hotels, 1n ustry; 


- solar 

plant for obtaining drinking water from per a 
cookers for domestic cooking; drying app% 
residence heating. 

Parabolic Trough Collectors (Refer Fig. 6.3) | 

Parabolic trough collector with line focussing nah 
surface provides concentration ratios from 30 to a i 5 
can attain higher temperatures upto around 300°C. $ y 
direct (beam) radiation can be collected. In this case tracking 
the sun is only in one plane for daily movement of the sun. 
The reflected light is focused on central line of the parabolic 
trough. The pipe located along the centre line absorbs the 


heat. 


Absorber 


J surface 


Reflector 
surface 





Fluid flow 


Fig. 6.3. V-shaped reflectors as modified 
flat-plate solar collectors. 


Pipe for 
fluid flow 








Parabolic 
Trough 
reflector 


Fig. 6.4. Parabolic trough thermal collector with line focus. 


`X rA 





East 


Morning Evening West 


Fig. 6.5. Sun-tracking in single-plane by parabolic-trough. 


Paraboloidal Dish Collectors 


It reflects the beam radiation from paraboloidal dish 
surface and focuses energy at centre, obtaining high 


concentration ratios over 1000, and very hi 
around 1000°C. ry high temperatures 


È 





Reservoir at 
central point 
focus 


Paraboloida| 
dish reflector 
sun-tracking 
in two planes 





Mounting 


Fig. 6.6. Paraboloid reflector with point focus, | 


North 


Cad 
Cai 


2 PM June 21 


/ 10AM 


8 AM 


West East 
South 


Fig. 6.7. Sun-tracking in two-planes essential for point focus. | 
Paraboloid dishes are difficult to manufacture than | 
trough or flat surfaces. In individual system, only a single | 
large paraboloidal dish is provided with a receiver at the | 
focal point. In distributed system several dishes are installed | 

The receivers are connected in series/parallel by pipit 

system to colllect fluid in a reservoir. These track the sun 

two planes such that their axis is parallel to sun-rays. 

| 


Fresnel Lens Point Focus Collector 
am radiatio 


It has several circular grooved steps. Be 7 
nse 


gets refracted while passing through the fresnel lense &” | 
point focus is obtained on the other side. High temperati i | 
are obtained. For a trough-type collector, the lens is saga | 
about 4.7 m in overall length and 0.95 m in width. It1s ae 
in sections from low cost acrylic plastic. The rou? | 
triangular trough serves only as a container an 
role in concentrating the solar energy. 


Solar radiation 







Receiver 
pipe 


Container (Line focus) 


i ctor. 
Fig. 6.8. Cross-section of Fresnel lens trough colle 
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l presnel lens must be continuous] 
` „o directions namely, both along 
sun ID” th. This is achieved by orientin 
wits piis direction with rotation ab 
i rtb-s0 agi tion, the north ends of the troughs are raised t 
axis; a the slope as the sun’s elevation decreases (and i 
;pcrea e total solar radiation energy that can be allecian 
vers ly is about 30 per cent greater than for an east-west 


y aligned with the 
and Perpendicular 
8 the troughs in the 
out the length wise 


solar Energy Storage 


An optimally designed solar-electric system collects 
ind converts solar energy when insolation is available during 
the day. Solar energy, however, 1S a time dependent and 
intermittent energy resource. The time when solar energy is 
most available rarely coincides with the demand for electrical 
energy: 

Storage of solar energy in a solar system permits solar 
energy to be captured when insolation is highest and then 
later used when the need is greatest. Thus the addition of 
storage can increase the reliability of delivering power as 
per need. Storage also makes it possible to deliver short peaks 
of power for exceeding the rated power capacity of the plant. 

The optimum capacity of an energy storage system 
depends on the expected time dependence of solar radiation 
availability, the nature of loads, the degree of reliability 
needed, cost per KWH of the stored energy and an economic 
analysis as to how much of the total usually annual loads 
should be carried by solar and how much energy sources. 


The energy may be stored in a variety of forms, e.g., 
as heat, electrical, chemical, mechanical and magnetic. 
Energy storage may be in the form of sensible heat of solids 
or liquid medium, as heat of fusion in chemical systems or as 
chemical energy of products, energy could be converted to 
potential energy and stored in elevated fluids. 


With Renewable Energy Conversion Plants, energy 
storage is generally provided to extract maximum energy 
during favourable periods and ensure continuous output from 
the plant. 


Energy can be stored in various different forms like, 
thermal electrical, hydro, biomass, chemical reactants, 
compressed and mechanical kinetic/potential, fuels etc. 


The choice of the type of storage system is dictated by 
several techno-economic factors. The energy storage rating 
's Specified in MWhr capacity and the rate of discharge 1n 
terms of MW per hour. Energy storage in electrical supply 
,Ystem form is opted in several special applications like, peak 
oad power supply and energy storage for renewable energy 
Pants, Smoothing the voltage and current, aan 
on sient stability of the supply system and auxiliary an 
S an circuits, remote installations, uninterrupted power 
"PPly systems ete. 


Pumped-Hydro Schemes are either underground 

$ a hy dro or ETOR pumped hydro schemes. 
~ utilise either a single hydro machine with one electrica 
trp, ine (the hydro machine operates in either turbine a 
a p aping mode) or two hydro-machines and one electrica 
chine all three mounted on a common shaft in one axis. 


p . . 
ay 'ydro machine operates only during their respective 
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Pt aa of Pumped Storage Plant. The layout 
heads at s topology of available sites, lakes, reservoirs, 
born > — “vances etc. The high level reservoir may be built 

y constructing embarkment of natural lake. Pumped storage 


power plant may be overground or underground. The head 
may be high, medium or low. 


Underground Pumped Hydro Energy Storage. 
plant the upper reservoir is at ground level and the 
eservoir and the power plant are underground. 

Such a scheme is preferred for sites having large 
underground covers which can store the water of lower 
reservoir. The underground pumped hydro plant site does 
not require the topology with high and low level reservoirs. 


Electrical Storage. Capacitors store large amounts 
of electrical energy for long periods, using mica as dielectric 
material. Since the conductivity of a dielectric is never nil, 
there will always be leakage losses. 


Capacitors are used to store electrical energy at high 
voltage and low current, and inductor for storage at low 
voltage and high current. 


Battery Storage. A battery is used to store electrical 
energy electrochemically, and later regained as electrical 
energy. Cycle life of batteries is the number of times it can 
be charged and discharge tending to result in short cycle life. 


Chemical Storage. Storage battery in which the 
reactant is generated by a photochemical reaction brought 
about by solar radiation is used for storage. The battery is 
charged photochemically and discharged electrically 
whenever needed. 


In this 
lower r 


In another device water is electrolysed with solar 
generated electrical energy, O, and H, stored and recombined 
in a fuel cell to regain electrical energy. 


Solar energy could be used by the anaerobic 
fermentation of algae for the production of methane, which 
is stable at room temperature. 


Thermochemical storage systems are suitable for 
medium or high temperature applications. For storage of high 
temperature heat, some reversible chemical reactions are 
very attractive. Such devices have high energy density 
storage at ambient temperatures for long periods without 
thermal losses and potential for heat pumping. 


Compressed Air Storage. Another alternative, for 
possibly storing energy in future solar-electric system is to 
store the energy in a volume of compressed air. 


Solar Pond. A natural or artificial body of water can 
be used for collecting and absorbing solar radiation energy. 
A curved cover, made of transparent fibre glass, over the 
pond permits entry of solar radiation but reduces losses by 
radiation and convection. 

The energy stored in ponds is of low grade (60 to 
100°C). It might be suitable for a variety of applications such 
as space heating, industrial process heat and to obtain 
mechanical and/or electrical energy. 

Compressed Air Energy Storage. In compressed 
air energy storage technology, the excess electrical energy 
during low-load hours is utilized to compress air by the motor- 
compressor units. Energy is stored in the form of compressed 
air at a pressure around 50 bar. The compressed air is stored 
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in large underground salt caverns Or hard-rock ae 
underground old mines or aquifers. During peak loa ie 
the compressed air is released to drive air turbine. 
turnaround efficiency of such system 1s around 65%. 


Battery Energy Storage Systems. Batteries = 
on direct current (DC) and need an AC/DC converter 
charging; DC/AC inverter for supplying power to AC loa . 
Storage batteries are well known and have a wide range o 
applications. While charging a battery cell, electrical energy 
is converted to chemical energy and is stored. The energy 
conversion in secondary batteries is reversible. Secondary 
batteries store energy during charged state and release it 
whenever required at required rate. 

Charging capacity is expressed in (Ampere x Hours). 
The secondary cells have life of several hundreds/thousands 
charging and discharging cycles. The secondary batteries 
have high energy density (kW/kg), high discharge rate (kW/s), 
flat discharge characteristic (constant voltage during slow 
discharge), good low temperature performance at low 
temperature. Battery installation is modular and required 


voltage and current can be achieved by suitable series/parallel 
combinations. 


Superconducting Magnet Energy Storage 
(SMES). Energy is stored in the magnetic field of a 


superconducting coil carrying direct current. For obtaining 
large inductance several turns and high current is necessary. 
This is achieved by means of superconducting magnetic coil. 
This energy is available for damping oscillations in power 
system. The superconducting magnetic coil held at cryogenic 
temperature can carry high DC current with very low losses. 
Energy stored in Æ = 1/2 LI?. Joules. The energy is released 
into the grid by the thyristorised power conditioning system. 

The coil of the magnet is made of superconducting 
material. At superconducting state the electrical resistivity 
is nearly zero. Very large currents can be passed through 
the magnetic coil with very low 7?R losses. The magnetic field 
strength of the order of 5.5 tesla. 
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Fig. 6.9. Solar central receiver thermal power plant. 
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drogen for Energy Storage, Trang ; 
Reconversion. Hydrogen economy is being conse" ay | 
favourable solution. Possibility of using solar one tip 
produce hydrogen or methanol is being examine dk a 
or methanol can be stored and transported over long dig 8 . 
more economically than electricity. ay, | 
Advanced Flywheel Energy Stora 
energy storage has two basic types: 
1. Conventional heavy, large diameter flywhee | 
moderate speed. el af 
2, Advanced Flywheel (AFES) of very high spee dis | 
strength, and low frictional losses for large/s, 
term energy storage. The electrical energy ig i | 
in the Advanced Fly Wheel in the form of fa 
rotor of the electrical machine. arf 
Advanced batteries use simple electrochemical] enem 


~ h A ē m řāĂA ase 


£e. Plyg, f. 


conversion with easily available, cheaper materials, g,,, 
advanced batteries operate at higher temperature (Na.s) anj 
use flowing electrolyte. Additional subsystems are NeCeSsan 
to maintain the temperature or flow in the modules, ` 


| 

Solar Thermal Power Plants. The primary eney, | 
from solar source is renewable, pollution-less and freely | 
available. However, these power plants require larg 
collection field; complex and costly sun-tracking system fy 
large heliostats, long piping system, large thermal stora | 
system. Solar insulation is intermittent and non-reliable, | 
In area with favourable sun-light during most of the months, | 
solar power plants are viable. 


Two types of solar thermal power plants are sola 
distributed collector power plants, and solar central receive 
power plants. The latter has higher plant rating, higher | 
temperature of steam, higher efficiencies of plant, etc. 





Solar Distributed Collector Thermal Power Plants 


In the distributed collector power plant, solar energ 
is collected by several individual collectors located in the stl | 
field covering very large area. The collectors may be par abolie | 
trough units with line focus or paraboloidal dishes with centre | 


focus. The heat transfer fluid from each collector is pu?” | 
to central heat storage. 


Thermal insolation 


Central receiver 
(Boiler steam generator) 


A 
% 
Q 
= 
> 
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Steam Thermal 
Power Plant 








Feed water inlet 
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3 enews SOURCES OF ENERGY 
Flat plate collectors are not suitable because thej 
. „cy and operating temperatures are low. Parabolic dj h 
are costly to manufacture and require sun-trackin 
lanes. For distributed type collector ston. 
„raboloid collectors are not preferred. Parabolic trough 
' lectors with line focus are most preferred because of low 
ost of manufacture and simple single plane Sun-tracking. 
C Heat transport fluid flows from individual collector to 
ihe heat storage. Piping system for the heat transport fluid 
peing costly, the selection of the heat transport fluid and the 
operating temperature deserve attention. 
Solar thermal power plant may be used as co- 
eneration plant to deliver steam, hot water, electric power, 
or pre-heater plant to deliver hot air or water to conventional 


power plant. 
Binary Cycle Solar Thermal Power Plant 


Binary cycle has two cycles (water cycle and gas cycle) 
(Refer Fig. 6.10) and it is basically a low/medium temperature 
(70-150°C) cycle. 


> Hot water 
R reservoir Binanycyele H p Nis gas 
a NH.—Vapour turbine 
Turbo 
em dae generator 
eat 
exchanger ECE 
Cold 
water 
reservoir NH3 NH,-LP 
W Condenser Vapour 
ater 
E EHA 
Liquid ot 
NH, 
i water 
pressuriser 

$ Cold : 
water Cooling 
tower 


Fig. 6.10. Schematic diagram of a binary cycle 
solar thermal power plant. 


Binary cycle solar thermal power plants can utilize 
fixed type distributed solar thermal collectors. Parabolic 
through collectors are preferred. Solar thermal collectros 
collect the solar energy and heat-up heat-transport fluid 
(water), Heat exchanger delivers heat to the working fluid 
ammonia). The heat from hot water vaporises the liquid 
ammonia in the heat exchanger. Hot ammonia vapour drives 
= turbine rotor. After expansion in turbine, ammonite 
‘ndenses in the condenser. The liquid ammonia 1s pumpe 

‘ough the heat exchanger in a closed cycle. 


Solar Air-conditioning 


Man india has advantage of being sun-tropical ange 

availabe Our areas experience severe Saal 

irra ability of solar radiation is usually very good. ae 

egion oe levels for many of the locations in the rb sani 

inst ` Could reach upto 7 kWh/m2/day. Many of solar the p 
n lations like water heating, cooking, air hoanne A A 

apple desalination of water. and industrial process 
“ations are feasible. 
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One challenging application of solar energy is cooling. 
aat. oviding comfortable conditions in buildings solar 
ces ms can plays pivotal role. Conventional cooling 
echnologies have problems like high energy consumption, 


high electricity peak loads, and use of refrigerants that are 
not environment friendly. 


For pr 


7 Solar cooling offers an interesting synergy between 
the availability of solar radiation and the cooling demand, 


which is more when the solar radiation is more, and vice 
versa. 


Initially efforts were made to produce ice by using 
steam from a solar system to regenerate an absorbing solution 
usıng parabolic mirrors. Solar-assisted absorption chillers 
operating on H,OLiBr (water and lithium bromide) were also 
constructed. Heat-pipe based evacuated tube solar collectors 
capable of heating water to temperature more than 60°C have 
increased hopes for commercial solar cooling systems. 


As the solar refrigeration systems at present are quite 
cost-intensive, it is suggested that cooling load should be 
minimized prior to designing a solar refrigeration system. 
This reduction in cooling load could be achieved by applying 
principles of solar architecture depending upon the climatic 
conditions of the place. The various concepts which find 
applicability in this regard include orientation of the building; 
sizing of windows and configuring them to enhance their heat 
resistance values by adopting double glazings or special 
coating; appropriate designing of overhangs/shades; use of 
insulation; and planning and locating plants and water bodies 
in an around the building to improve its micro-climate. 


Solar refrigeration may be accomplished by systems 
based on vapour compression cycles, vapour absorption cycles, 
and evaporative cooling systems. For solar energy 
applications, these system need to be designed and evaluated 
taking into account the performance of solar heat collection 
system, its range of operating temperatures, corresponding 
thermal efficiencies, and intermittency of the energy source 
vis-a-vis the periodicty of cooling load. An important aspect 
when coupling the solar thermal collectors with heat-driven 
cycles is that they exhibit a reverse dependence of their 
efficiency on the operating temperature. This refers to the 
fact that solar collectors are more efficient for lower operating 
temperature while the heat-driven cycles are more efficient 
for higher operating temperatures. This behaviour requires 
a careful attention for optimizing the system performance. 


Solar Photovoltaic Systems 
Photovoltaic Power Generation. A photovoltaic 
power generator is a device which converts electromagnetic 
energy directly into electrically. The basic component in the 
hotovoltaic power generation is the photovoltaic cell. The 
sdvantages of photovoltaic generators compared to other 
converters of solar energy are: 
1. Simple to fabricate and operate; 
9. Possess high power output per weight ratio; 
3. Possess practically unlimited life. | 
The cost of the photovoltaic cells being high the 
development of this type of converters has been slow. 


Scanned by CamScanner 





: 
i 
| 








Electrical 
load 
P- ir 
O 
l wy 















p-type 
e Si-layer 
pene 4073 ni 
a n-type 
Soldered silicon water 


ohmic contacts 
silver 


Fig. 6.11. Silicon solar cell. 


The photovoltaic effect can be described easily for a 
p-n junction in a semi-conductor material. In a piece of a 
pure intrinsic semicoductor such as silicon there are no free 
electrons at absolute zero, since each valance electron of the 
material atom is tied in a chemical bond. If this piece of silicon 
is doped with phosphorous or arsenic, there will be excess of 
electrons leading to a n-type semi-conductor. Photophorus 
and arsenic have one more valance electron than silicon. 
Therefore, when a silicon atom is replaced in the lattice by a 
phosphorus atom, this excess electron will be free to move in 
the lattice. Similarly if another piece of silicon is doped with 
boron, there will be a deficiency of electrons leading to a p- 
type semiconductor. Boron has one less valence electron than 
silicon, and this deficiency can be expressed in terms of an 
excess of holes or positive charges free to move in the lattice. 
The material used can also be any other semiconductor if its 
characteristics are favourable to the photovoltaic conversion. 
If these two pieces of silicon are connected, a p-n junction is 
obtained. In tendency will be for the free electrons of n-side 
to flow to the p-side, and the holes of the p-side will tend to 
flow to the n-region to compensate for their respective 
deficiencies. Thus a built-in potential barrier is formed. Fig. 
6.11. shows typical dimensions of the p-n junction formed. 
When light strikes the p-n junction the photons with energy 
above that required to break the covalent bonds will create 
an electron-hole pair. The hole is formed in the valance band, 
or an electron is added to the conduction band (Refer Fig. 
6.12.). For a photon in the visible range the diffusion length 
i.e., the average distance which the carriers diffuse before 
they recombine, has the magnitude of a micron. Those charge 
carriers that are within a diffusion length of the potential 
barrier will be trapped by the barrier and caused to flow 
across it in an attempt to reduce their energy. Therefore, a 
potential energy between the layers is formed, and it is used 
to force the electrons through an external circuit. 


p-type region Barrier region n-type region 


Conduction 
| band 


$ Max. open 





Energy gap 
(1-1.5 eV) 





Distance from top of p- junction 


Fig. 6.12. Potential diagram. 
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The Solar Photo-Voltaic cells (PV cells) conve 
incident solar light energy directly to direct current ale th 


energy. Sol 
source for remote and stand-alone consumers. 


The vital component in a Solar PV system is the p 
Voltaic Cell (P 
light-sensitive 
N-P junction. 


ositive l 
ha exposed to full sun light produces a 0.75 A, DC 


at Voltage level of 0.45 V, DC. 


e en 
py 


N-P junction. When solar light ray, fal 


l 


Nj 





Fig. 6.13. Schematic of a PV-cell. Typical ratings : Voltage 
0.45 V, Current 0.75 A, Power 0.33 W. 


Power delivered depends on intensity of sun light and 
the load resistance. Several solar cells can be connected in 
series on parallel to get desired voltage, current and power. 
Solar cells connected in parallel form a module, and modules 
are connected in series, parallel, series-parallel configuration 
to form an array. Several arrays are installed on the structure 
to from a solar PV panel. 


Solar PV-panels are installed outdoors so as to receive 
maximum sun light during the day and throughout the year. 
Solar PV panels are usually fixed type as they are simple, 
cheap and maintenance free. These could also be tracking 
type; without focussing or with line focussing or with point 
focussing etc. 

Since solar PV panels deliver DC electrical power only 
during favourable conditions of sun light, energy storag? 
batteries as used to supply power during nights and cloudy 
weather. For feeding loads at 50 Hz AC supply, DC pow" 
supplied by the solar PV panel is converted by means of stat 
inverters to single phase or three phase. 


Batteries 


THAPF 


3 PH. AC. 
Supply 


Solar energy 





Solar PV Power 
arrays conditioning 
system 


Fig. 6.14. Schematic of a solar PV system. 


Power conditioning unit provided for improving p 
waveform, regulating the voltage, inverting DC to hs 
protective control, and monitoring functions. 
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pENEWAE wr 
Harness 

Wind energy ts a manifestation of 
„gyin the wind is converted into rotary 
ihe wind-turbine to generate electrical 

Several type of wind-turbines have 
e are operating successfully. Win 
ontal type or vertical type. 
Horizontal shaft wind-turbine 
more popular. The generator-turbine u 
tall tower. é large pried of = mi 
aphical areas where con Inuous, stead ; 

ea in the speed range between 6 m/s to 30 ail s a 
annual average wind speed of 10 m/s is considered to be site 
for locating wind mills. 

Several wind-generator units at a 
wind farm. 

The electrical generator with the 
is generally variable frequency A.C. i 
variable speed. An electrical frequenc 
frequency (0 to 20 Hz) output to the co 
supply at 50 Hz. 

Following options are available fo 
energy conversion plants. 


ing of Wind Energy 


the solar ener 
mechanical enero, 
power, 
been deve 
d turbine 


En 


ergy 
by 


loped and 


thes S May be 


horiz 
8¢nerator units are 
nits is mounted on a 
lls can be located in 


place constitute 


wind-turbine units 
nduction type with 
y changer converts 
mmercial frequency 


r wind-electric 


1. As stand-alone generator with batte 


ry storage 
support. 


2. In parallel with the electrical grid as energy displace- 
ment plants. Battery storage is not necessary, 
3. Wind-Diesel hybrid for remote stand-alone systems. 
The wind-turbine, gears, generator together form a 
wind-turbine generator units. A wind farm has several such 
units which operate in parallel to feed electrical energy to 
isolated load or the electrical grid. 


Following different designs of wind-turbine generators 
have been developed. 


e Horizontal shaft propeller design with one, two, 
three blades. 

e Vertical shaft rotor design. 

e Vertical Axis wind-turbine (VAWT)-H frame 
design. 

e Vertical shaft S-rotor wind-turbine. 

e Wind-turbine with a giant-wheel space frame 
structure around a horizontal shaft. . . 

° The present trends are with two alternative choices. 

° A few large units of MW unit rating. 

e Several small units of kW rating range. 


Merits and Limitations of Wind Energy Conversion 

The merits and demerits of wind energy are 
“omparable to those of solar energy. ON 

The limitations of wind mills are: low energy dens! Bf 
favourable winds are available only in a few sate es 
cations, away from cities, forests; variable, m p = 
regular, intermittent, erratic power generation; aeea 
ot wind changes and is never constant or regular; is rai 
energy storage batteries and/or stand by diesel generators 
°F supply of continuous power to load; wind aie a 
located only in vast open areas in locations of favoura t per 
and these are generally away. from load centres, Cos! P 

r is high, 


Im 
are wind 
Power and wind den 


and its 


(Fig. 6.15); or local winds 


cooling of ground surface and ocean/lake surfaces duri 
and night. (Fig. 6.16) 
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portant variables of win 
Speed and density; wind 
Sity. 

Winds are a natural 


d power and wind energy 
force and direction; wind 


mal constants of land, forest, areas, lake/oceans. 
caused by unequal heating and 
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Fig. 6.15. Planetary winds. 


Warm air in tropical region flows upwards. Cold 
air from polar region flows towards tropical 


tke 


y» Pay wind 
Cold 





During the day warmer air over land rises 
upwards and colder air from lakes, ocean, forest 
areas, shadow areas flows towards warmer 
zones. 


O Moon 


y Night wind 


™ 






Hot 


Fig. 6.16. Local day and night winds. 


Wind Energy Quantum 


Though total quantum of wind energy in the world is 
enormous (16.7 x 1012 MWh/year) but only a very small 
percentage (1%) is available for practical use. Wind velocities 

low 5 m/s and above 25 m/s are not suitable for wind- 
ad At lower wind speeds, very large turbine-rotor is 


required. At higher wind speeds, the stresses on turbine 
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| Raat e 

blades and shafts are very high. Efficiency of — cs 
energy conversion plants is only about 30 Pr? MWh/year, 
wind energy in the world is around 0.001 x I 3175 x 108 
whereas usable wind energy in India 1$ aroun o 
MWbh/year. 

Wind power is proportional to cube o0 “ie 

Planetary winds have low velocity near ground ‘hee ve 
and higher velocities at heights above 50 m. Wind \ eloci ef 
are high at heights above 200 m. Hence wind turbines m - 
be mounted on tall towers. This makes civil works costly an 
difficult. 

Wind velocities, are very low in city areas, forest area, 
residential area of tall buildings. Wind farms are, therefore, 
located in areas away form such locations. Alternatively wind 
turbine units can be located on tall towers, tall buildings, 
tall hills. 


f wind velocity. 


Wind Power Density (P) 


Power density (P,,) of wind is proportional to V 3 or 
P, = KV 3/Wim? 
Where, P „= Wind power density, W/m? (the mè, 


represents are of wind stream crossing | 


wind-turbine blade swept area) 
V = Wind velocity or wind speed. 
K = Conversion factor for wind power. 
The value of K in SI units is 0.6386. 
P =0.6386 V3 ...W/m? 


w 


Power in a Wind Stream 


Typical P-V characteristic of wind is shown in Fig. 6.17 © 


Power of wind-turbine 
P=P,A ... Watts (A = swept are in m?) 
Energy in ‘n’ hours is given by 


E 


[ P- dh Wh 


W/m? 


[| PA&dh 





Wind power density, P,, 
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Fig. 6.17. Typical power-velocity characteristic of wind 
(Actual characteristic varies with site, height 
and is not constant. For each site and height, 
measurements are carried out). 


‘Value of | P dh can be determined from area under 


the Power versus Hours curves 


Efficiency of a wind-turbine is given by the ratio 


"= Energy output by wind turbine 


a y 
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Typical power versus hours characteristic called 
1 hown in Fig. 6. 18. 
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Fig. 6.18. Daily wind power curve. 


A wind stream has total power P, corresponding to 
kinetic energy KE, of air or P, = mV*/2 


phe ay EIA eT PT a a 


ta aly we 


where, m = Air mass flow rate, kg/s, 


Pa 
f 


and V; = Incoming wind velocity, m/s 


The air mass flow rate m is given by m =p-°A-V, 
where, p = Wind density of incoming wind kg/m’ 
= 1.226 kg/m, for 1 atm and 15°C 
A = Cross Sectional area of the wind stream, m° 
73 


ASI 
P, = ot watt 





Fig. 6.19 gives the graph of P, versus A. 
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Fig. 6.19. Total power P, in wind stream for various 
wind velocities (V) and swept areas (A). 
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; enewAL goURCES OF ENERGY 
R aa be seen that: 

_ Awind turbine rotor should have blades of very 
long length, so that swept area A = (nD?/4) is ad- 
equate. 

_ Several wind-turbines are necessary to get 
more P. 

__ Wind turbine should be located at place having 
favourable wind speed throughout the year. 
(V = 10 m/s is considered to be ideal). 


wind Turbine Efficiency 


In actual practice, the wind spills through the gap 
petween the blades resulting in spillage loss. Therefore the 
real power (P) delivered by a wind-turbine is less than the 
total power in the wind stream, P = n, P, 

P = Real power by turbine, W; 
P, = Total power in wind stream, W; 
n, = Actual efficiency of wind turbine. 

The actual efficiencies of various types of wind-turbine 
vary between 10 to 45 percent depending upon the ratio of 
blade-tip speed to wind speed, type of wind-turbine, spillage 
factor, etc. 
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Fig. 6.20. Power coefficients for various types of wind 
turbine for practical blade tip speed ratios. 


t oiii needed to make necessary n 
ilro i Wind turbines requires oe an 
Perform the following functions: 
~ Orientation of the rotor with wind direction; . 
~ Control of equipment for start up and cut 1n 
Operation; 
~ Speed control, if needed; 


— Power control of the rotor by varyin 
the blades; 


Co 


g the pitch of 
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— Breaking of blades below cut in an about cut out 

speeds; 

— Generator output monitoring—status, data compu- 

tation, and storage; 

— Shutdown due to malfunction or very high winds; 

— Protection for safety of generator, the utility 

accepting the power; 

— Auxiliary and/or emergency power; 

— Maintenance mode. 

Suitable sensors (mechanical, electrical, or 
pneumatic), decision elements (relays, logic modules, analog 
circuits, microprocessor, fluidics) and actuators are needed 
for functioning of control system. 

A controller is used to sense wind speed, wind 
direction, shaft speeds and torques at one or more points, 
output power and generator temperature as necessary and 
appropriate control signals for matching the electrical output 
to the wind energy input and protect the system from extreme 
conditions brought upon by strong winds, electrical faults, 


etc. 


Biomass Energy Resources 


The biomass used for producing secondary energy 
forms are called biomass energy resources. The biomass 
resources can be classified as 

— Biomass from Culitvated Crops. (Energy farms) — 
Biomass from Waste Organic Matter. 

Cultivated Crops. The biomass can be grown 
specially in energy farms for obtaining renewable energy 
resources periodically. Fast growing trees, farmcrops, aquatic 
farms (of algae and aquatic plants) etc. are in this category. 

For energy farming, special species are cultivated 
(cultured) through genetic research. The special species of 
energy resources include fast growing trees (supertrees), fast 
growing land based or aquatic crops and algae, etc. having 
energy density. 

The cultivated biomass (biomass from energy farms) 
includes: 

1. Sugar cane crops, sweet sorghum crops, sugar beets. 

2. Herbaceous crops which are non-woody plants which 
can be converted into biogas or biochemical fuels. 

3. Cereals, potatoes and other carbohydrate fruit crops, 
etc. grown for producing infeeds to the fermentation 
plants. 

4. Forests crops (Silviculture) of fast growing energy 
intensive trees (super trees), specially grown as 


source of energy. 
Aquatic crops grown in fresh water, sea water, 


muddy water etc. 
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Biomass Energy 


Biomass is the organic matter derived from — 
organisms (plants, algae, animals, etc.). Biomass i re for 
resources (i.e., raw organic matter obtained from a . ei adi 
extracting secondary energy) are available from a n 
plants, vegetation, algae, animals and organisms ving 
land or in water. Biomass resources may be either monan 
from cultivated fields, crops, forests and harveste 
periodically, or it may be derived from municipal waste, 
animal excreta/dung, forest waste, agricultural waste, 
bioprocess waste, butcharry waste, fishery waste etc. The 
use of biomass as a fuel is well-known and wide-spread. The 
use of waste-to-energy processes by incineration, biogas, 
biochemicals etc. is relatively new development. Biomass 15 
considered as a renewable source of energy because the organic 
matter is generated every day/year. Since biomass cycle 
maintains the enviromental balance of oxygen, carbondioxide, 
rain etc., it is considered as an environment friendly 
technology. Biomass energy is produced by green plants by 
photosynthesis in presence of sun light. Thus biomass energy 
is byproduct of solar energy. Other living organisms also 
generate biomass by consuming green plants. Biomass energy 
processes in addition to supplying energy, also promote rural 
development, waste disposal and environmental balance. 


Biomass Conversion Processes 


Bio conversion process could be classified as direct 
combustion (incineration), thermochemical conversion, 
biochemical conversion or hybrid depending upon 
temperature, pressure, micro-organisms utilised, process and 
the culture conditions. 


= Biomass Resources 


Dry biomass 
® Wood 
e Residue 








(a) Combustion 













(b) Pyrolosis 








Wet biomass 





Anaerobic digestion 










e Sewage 


Sugars from fruits, beet, 
molasses 










— Photochemical 
— Photobiological 
— Catalystic 


Thermochemical Conversion of Biomass 


Biomass is decomposed in thermochemi 
ec emical 
under various conditions of temperatures and a. 
Gasification of biomass is carri | 
. ation o rried out by (i 
the biomass with limited air or oxygen, and (id heatee 


Hydrolysis and distillation 


Fermentation and distillation 









Organic matter can be burnt in presence gp ` 
air to produce heat, and byproducts (combustion) 
to ashes is called incineration. 

Organic matter can be converted into Bacon 
liquid fuels by thermochemical reactions. T 

The biomass is stored in the green plants in thes | 
complex organic compounds of carbon, hydrogen nitron | 

These are carried out at various tem erai et, 
pressures, with supply of reactance etc. The processati] 
liquid and gaseous fuels, residues, by products ete j 
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Energy products 
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Fig. 6.21. Biomass energy routes. 


Organic matter can be converted into chemical gaseou | 
and liquid fuels by fermentation brought about by 
microorganism such as yeast, bacteria. 


Table 6.1. Biomass Energy Conversion Processes and End Products 






— Industry 
— Domestic 







Heat steam electricity 



















Oil, Char, gas — Industry 
— Transport 


— Transp" 
















Ethenol (Ethyl alcohol) 









Methane 






Ethenol (Ethyl alcohol) 













— Indust 


Hydrogen 
— Chemie”! 





high temperature and high pressure in presens? of § | 
and oxygen. oes 
tg gee. 

— Pyrolysis. Biomass can be converted into f 5 
liquids, and solids through pyrolysis at temperature se 
900°C by heating in a closed vessel in the absense at 


i J 


E 
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ic destructive distillation of wood has |] 
phe PP cover methanol, acetic acid, peniana 
ol oal. PYT olysis can process all forms of organic materials 
ha g rubber and plastics which are difficult to handle 
inc er processess. The gases produced are a mixture of 
by ° on, methane, carbon monooxide, carbon dioxide and 
nitrog hydrocarbons. The liquids produced are pil-likee 














ther . aa 
paterials and the solids are similar to charcoal. (Refer. 
1) 
Fig. 6.2 
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Magnetic Clean 
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Fig. 6.21. Schematic of pyrolysis. 


(High temperature biothermal process to convert solid waste to 
biogas, char, oil) 


Biochemical Conversion 


Two principal conversion processes under biochemical 
conversion processes are anaerobic digestion and 
fermentation. 

Anaerobic digestion is a type of biochemical 
conversion involving microbial digestion of biomass. The 
process and end products depend upon the microorganisms 
cultivated and culture conditions. 

An anaerobic is a microscopic organism that can live 
and grow without external oxygen or air. It extracts oxygen 
by decomposing sulfide. The output gas obtained from 
anaerobic digestion can be either directly burnt, or upgr aded 
to superior fuel gas (methane) by removal of CO, and other 
impurities, 

The residues of the anaerobic digestion may consist 
of protein-rich sludge and liquid effluents. These can be used 
as animal feed or for soil treatment after certain processing- 


Anaerobic digestion technologies can be employed for 
all type of feedstocks like urban (municipal) waste, 
agriculture biomass (straw of rice, wheat, sugar cane bagasse 
ete.), forest biomass (trees, leaves), aquatic biomass (algae, 
Yater-plants) and human and animal excreta. 


ARN 
luidiseq Bed Combustion Boilers (FBCB) 


Fluia; Biomass burning process has been simplified by FBCB. 
n dised bed technology has become very successful all over 
® world for burning solid fuels. A variety of fuels like net 

ilig wheat husk, nut-shells, sugarcane bagasse, mo 

lo Wastes, straw of rice, wheat, bamboo, peat, saw pi 

he oe coals, wood pieces, dried cow dung pieces ane 

in th 'N a fluidised bed boiler. Solid pieces of fuel are a ‘ 
° bed and gets burnt. Heat produced in furnace 1 





transferred to water and steam flowing through the tubes 
which are in intimate contact with the solid particles. Some 
tubes are in the path of hot gases. 

Advantages of FBCB are: 

1. Coal burnt in the presence of limestone at relatively 
low temperatures does not give objectionable SO,, 
NO, etc. 

2. Lower temperatures (app. 850°C) gives lesser NO, 
and longer life of materials, reduces maintenance 
cost. 

3. A variety of fuels can be burnt in the FBCB furnace. 

4. Quick cold start with auxiliary fuel burners and 
slightly slower start without auxiliary burners. 

5. Low objectionable emission products. No need for 
costly pollution control equipment for SO,, NO, 
removal. 

6. Lower installation cost and maintenance cost. 

7. Calcium oxide in limestone absorbs sulphur oxides 
(SO,). Fly ash is collected by ordinary fly ash collect- 
ing equipment such as fabrics filters. 

8. Superheated steam even at low ends. 

9. No pulverisation of coal is needed. Small pieces upto 
a few cm. dia. of coal can be used. 

10. Can be used with combined cycle power plants for 
giving heat of HRSG and producing steam. 


Landfill gas energy system 

The land-fill gas is generated by the fermentation of 
organic matter dumped in the landfill. The process is called 
‘anaerobic fermentation’ i.e., decomposition caused by 
(anaerobe, the microorganisms) without need of oxygen. The 
process takes place at low temperatures up to 60°C and 
requires moisture. The gases produced vary in composition 
with time taken by the process. After a period of 2 months 
from starting, the landfill gas mainly methane (52%) and 
carbon dioxide (46%). During initial periods other gases like 
oxygen, hydrogen, nitrogen etc. are released in different 


proportions. 
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collecting pipe 
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Fig. 6.22 Schematic of a landfill gas energy supply system. 
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Landfill site is usually a void, valley or a a 
in which the urban waste is dumped. The gaa of Dis 
system consists of wells comprising vertical pip Trendl 
120 mm diameter with holes in the cylindrical body. ? ioe 
are driven in the landfill. The well-pipes and ae on 
are of polythetene. Knockout drums are insta ‘ ene 
pipelines for removal of water. A type of landfill site eee 
to 40 wells and the collection pipe system. The wells j 
connected to manifolds and the gas is collected from t p 
manifolds by piping system. The gas is filtered before = 
after compressor. After compression the gas is passed throug 
aftercooler, baffle water separator, fine filter etc. 

The landfill gas can be purified to pure methane an 
then used as fuel for internal combustion engine. Internal 
combustion engine can drive generator to produce electrical 
energy. For producing electricity sufficient gas should be 
available continuosly to operate the plant throughout the 
year with a good plant load factor. 


Power from Ocean Tides 


The tides (large scale up and down movement of sea 
water) represent an unlimited source of energy. The main 
feature of the tidal cycle is the difference in water surface 
elevations at the high tide and at the low tide. This 
differential head is utilized to operate a hydraulic turbine, 
thus converting tidal energy into electrical energy. Water, 
at the time of high tide, is let into a basin to be stored at a 
high level. The same water is allowed to flow back into the 
sea during the low tide through the turbines, thus producing 
power. The tides occur at varying times from day to day, have 


varying ranges and, for large outputs require large capital 
expenditure. 


Tidal range (R) is the difference in water level 
corresponding to high tide and low tide. Tidal range varies 
widely from one location to another between 0.25 to 10 m. 
Favourable tidal range > 2.5 m is suitable for tidal power 
plant. 

For tidal power house a barrage (dam) is built across 
the tidal path. Hydro turbines-generator units are installed 
in the tunnels withing the barrage. Water flows from ocean 
to the pool (basin) during the high tide, and gets collected in 
the pool (basin) to the high tidal surface-level (Fig. 6.23) 

In a simple single effect tidal scheme, water is filled 
in the basin during high tide by opening sluice gates. Basin 
gets filled upto crest tide level. During low tide water passes 
through turbines from the pool into ocean at low tide level. 
In a modified scheme, filling and emptying is made faster by 
pumping of water. In a double effect scheme reversible 
turbine generators are installed, power is generated during 
filling as well as emptying the basin. 






S WA Filled level 
x 

2 Range R 

œ 


irr | Basin (Pool) 
Town ann din E 


A, Empty level 


Reversible Turbines 
Fig. 6.23. Schematic of a Simple tidal energy conversion plant 





MECHANICAL ENGINE. 


low tide the m level in or oc ean dee 
level in the pool remains high. The CCT 
sto In a typical double effect tidal power plant, "i 
bine-generator units are installed within the Baa sih, | 
turbine-g tide water flows through the d } 


ring high ucts | 
onan the lower basin. Turbines are rotated jp rn 


direction. During low tide, water stored in the basin rele 
into the sea through the ducts and the turbines can rot, t 
reverse direction. Power 1S generated intermittently a 
high tide and low tide. In a single effect tidal power ni 
the turbine-generator units are designed to operate a 
during low tides. Single effect tidal power plants a! 
uneconomical. The tidal schemes may be of Single pog] i 
double or multi-pool. 

The tidal rise and fall of water is accompanied } 
periodic horizontal to and fro motion of water called tidal 
currents. The speed of tidal currents is in the range of 14 
km/hr to 18 km/hr. The tides and tidal currents posse 
renewable energy. Tides and tidal currents are intimately 
related. Tidal movement differs from wave movement. Ways 
have a period of only about 6 s whereas tides have a moo 
and sun on ocean water. Ocean waves are superimposed on 
mean water level. The mean water level rises and falls slowly 
due to the tides. Ocean waves are almost continuous. 


During 


Tidal Energy Conversion 


Fig. 6.24 and 6.25 illustrate the range, head filling 
and emptying of the basin. In Fig. 6.24 and 6.25, 1 represents 
single effect scheme and 2 the double effect scheme. 


Fig. 6.24 shows single pool (basin) tidal power plant. 
In a single effect power plant. In a single effect power plant 
water is filled in the basin during high tide. The stored water 


flows from the basin to the ocean during low tide (ebb) and 
drives the turbine-generator. 


High tide level 


Barrage Sluice (Open) Highest 
basin 
7 level 


Ocean 


Low tide level 2 
Y 


Range R 


m ' 
\/ Low-basin 
level 





Fig. 6.24. Filling of the basin. 


During high tide ocean water flows from ocean to bas” 
through sluice (gate) in single effect scheme and Lae 
the basin. In double effect scheme water flows from 0ce™ 
to basin through turbine duct. (R) 


Tool pool is filled during high tide to: area (A), rang? t 
P During single effect operating mode power is eee 
only while emptying the pool. Head (A) varies from (+7) j 
During double effect operating mode, powe 


the 
generated while filli tying t 
pool. H lle filling the pool and also while empty! tidal 


ence double effect scheme gives double energy P® 
cycle of one crest and one ebb. 
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Fig. 6.25. Emptying of basin (pool). 


Water 


fuel Cells 


flows through the turbine duct from basin in | 
and again through the turbine duct in 


jf two electrodes are placed in water and a potential 


äfference is applied to them, hydrogen is produced at the 
„node and oxygen at the cathode. By reversing this process 
ie, by supplying oxygen and hydrogen to the respective 
electrodes, oxygen will react with hydrogen to form water, 
and electricity is produced. Continued flowed of the two 
elements will produce electric current and such an 
arrangement is called fuel cell. 

A fuel cell is a device which converts chemical energy 
ärectly into electrical energy. In conventional thermal power 
generation system, the chemical energy is first converted into 
heat in the heat engine and then transformed into electrical 
energy through a mechanical energy path. In a fuel cell, the 
conversion of energy is carried out isothermally, and thus 
amot efficiency limitations do not apply. Higher efficiencies 
than the conventional thermo-electric plants are obtainable. 

Fues cells are being used to generate electricity. These 


are controlled chemical electro energy conversion devices. — 


They convert chemical energy to electrical energy continuosly 
and without involving any intermediate stage. They require 


“ntinuos supply of a fuel an oxidant and generate DC electric | 


power continuosly. 
i DC power supply from fuel cell can be conditioned to 
i fo AC supply. Fuel cells do not need any recharging or 
eines Fuel cell can have around 90% efficiency. Fuel 
ae. highly reliable because they have no moving parts, 
à imple and safe. They cause no pollution and can be 
opted in modular form. Fuel cells will find wide 


*Pplications, 
Fuel preparation 


Fuel 












Waste Wate Fuel 
* Heat ’ Oxidant 
Fuel cell power section |= 
m + 
A.C. 


Power conditioner Power output 


Baie Fig. 6.26, Schematic of a fuel cell power plant. 
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Fuel cells ma : . 
; S may provide substitut atterie 
for higher kW and siete itute for storage batteries 


= Wh toe a. can be substituted by fuel cell generator 
motor. 
for sce se be very reliable source of electrical power 
ships, buildine é ay passenger boats, submarines, space 
os gs, auxiliary and emergency supplies, electrical 
vehicles and locomotives, etc. 

A single fuel cell has low voltage (0.6 to 1.23 V DC) 
and low current (100 to 400 mA/square cm. of electrode 
surface). Several cells can be connected in series and parallel 
to obtain required power rating. A fuel cell module of 500 W 
rating with 35 cells would occupy space of 15 cm x 15 cm x 
45 cm and weigh around 25 kg. 

Depending upon the type of fuel cells, the fuel cell 
plants can use natural gas and gasified coal, methanol, 
hydrogen and several other fuels. These are noiseless in 
operation and do not require electrical power supply for their 
operation and charging. 

Functioning of Fuel Cells. Basic principle of fuel 
cells can be understood with example of hydrogen-oxygen 
fuel cell. A hydrogen atom has one nucleus (positively 
charged) and one electron (negatively charged). An oxygen 
atom has one nucleus with eight electrons. Two hydrogen 
atoms combine with one oxygen atom to form one molecule 
of water (H,0). 





Fig. 6.27. lonisation of water (H,O) into hydroxy! (OH) ion 
and hydrogen (H) ion. 


Electrochemical reactions in fuel cells involve the 
in which an atom or a molecule loses 
or gains one or more electrones. Losing an electron gives the 
atom an overall positive charge (+ve) and gaining an electron 
gives a negative charge (-e). Molecule also behaves in similar 
manner. Water can be ionized into two separates parts: 
hydroxyl! ion (OH~) (-ve charge), and hydrogen ion (H+) (+ve 


charge). 
When a metal 
ions, metal gets ionised 


process on ionization, 


electrode is placed in solution containing 
at a rate depending on whether the 
metal is active or inactive. Inactive metals like platinum 
ionize very slowly even at high temperatures. The charges 
get collected on the metal surface. | 

When two dissimilar metal electrodes are placed in 
electrolyte, an equilibrium state is reached and the High 
is developed between positively charged electrode an 
negatively charaged electrode. a 

When external electrical circuit 1$ completed, the 
electrons flow through the electrolyte and the external circuit 


‘tuti In a fuel cell, the reactants are 
uting power flow. Ai 
a o to the cell and electrical energy 1$ extracted 


from the cell. 35 À : 






AS rite TA P abi 
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Thus fuel cell is like a storage battery, but with nig oe 
supply of fuel and oxidant. A fuel cell has an ano ae 
electrode); a cathode (oxygen electrode); electrolyte; 0 
components for containers, sealing, separators, fuel supply, 
oxidant supply etc. 

In case of H,—O, acidic fuel cell, two porous electrodes 
are immersed in electrolyte of good conductivity. The two 
porous nickel electrodes are separated by a porous gas barrier 
(separator). 


Porous anode Porous cathode 


Fuel 
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Fig. 6.28. Schematic of a H,—O, fuel cell. 


The porous anode (negative pole, fuel electrode) is 
immersed in hydrogen at certain pressure. The hydrogen as 
a fuel bubbles across the anode. 


The porous cathode (positive pole, oxydant electrode) 
is immersed in oxygen at certain pressure. The oxygen as an 
oxidant forms bubbles across the porous cathode (positive 
pole). As a result of chemical reactions in the electrolyte, 
electrical energy is supplied through electrodes to external 
circuit. Water, spent fuel and spent oxidants are also 
produced and then need to be removed. 


Continuous operation requires the supply of fuel, 
oxidant and removel of heat, water vapour, spent fuel, spent 
oxidants, inert residues etc. | 


The porous electrodes provide Space for electro- 
chemical reactions between the fuel and oxidant. The 
electrodes provide conducting path to the electrons flowing 
through the external circuit. Electrolyte provides path for 
migration of hydroxyl ions and cathode to anode. 


In alkaline H,—O, fuel cell, the electrolyte is alkaline 


(e.g. KOH). In alkaline electrolyte, the major migration is by 
hydrogen ions. 





È 


Main Characteristics of Fuel Cells 


Efficient. Fuel cells offer significant impr 
in energy efficiency as they do not involve combustion nt 


; - : . Ces f 
and mechanical devices such as turbines and Pistons m | 


operate at high efficiency even at part load. High effie 
is not compromised by small sizes. High efficiency say 
and reduces CO, emissions. 

Reliable. Fuel cells power plants have demonstrat, 
unprecedented reliabililty and durabililty. Fuel cells Can 
continuosly for long periods before servicing and they arp A 
less prone to breakdown. 

Fuel Flexible. Fuel cells can use hydrogen derives 
from a variety of sources, including natural gas and coal 
and renewable such as bio-mass or, through electrolysis, wind 
and solar energy. 

Ideally suited for distributed generation. Fuel 
cells are best generating devices to generate electricity in 
remote places and away from load centre. 


missions of carbon dioxide, oxides of nitrogen or ee 2 : 
pollutant. They are best suited to protect environ | 
ta f 


OVE Meyi Í 
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Flexibility in size. Individual cells produce a smal] | 


voltage. A number of cells are arranged in ‘stacks’ to provide 
the required level of voltage. Physical area of the electrode 
determines the current. For any given power rating, 
appropriate electrodes size and number of cells are selected. 


Types of Fuel Cells 


There are two main types of fuel cells: 1. direct, in 
which fuel is used as an electrode and 2. indirect, in which 
the fuel is converted into an intermediate such as carbon 
monoxide before being used as an electrode. In both the types 
the fuel electrode is coupled with an oxygen electrode 
Although the direct type cell is ideal, it is difficult to ionis? 
the fuel like coal carbon etc., except at very high temperatures 
(over 1000°C) and even so the oxygen electrode tends t0 be 
poor in durability and performance. 


Fuel cells can also be classified as 1. low-temper ature 
cell, and 2. high-temperature cells. These are also classifie 


on the basis of fuel used. Yet another classification is )a°° 
on the electrolyte. 


There are several types of fuel cells. The classifica! 


e; 
can be based on fuel and oxidant; basic or acidic electr ol 


high temperature or ambient temperature operation; an? 
application of cell. 


jol 


Advantages and Disadvantages of Fuel Cell 


; Advantages are: 1. Conversion efficiencies of fu 
are high (of the order of 70 percent). 


2. They have few mechanical components; heni na 
operate fairly quietly and require little atten! 
less maintenance, 
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fuel cells can be installed near the 


; use point, th 
j reducing electrical transmission re igs 


quirements and 6. No requirement of cooling water. 


the T & D losses. Poa 7. The start up time is low. 
4. Atmosphen ý pollution is negligible in case of hydro- 8. Low space is needed to house the plant. 
gen fuel cet. The main disadvantages of fuel cells are their high 


initial co 


Fuel cells make no noise. 


Sts and low Service life. 
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1. Match the two parts regarding Potential of vario 


as renewable energy sources in the world 
B 


1. Total solar radiation absorbed by the earth and its atmosph 

2. Total solar radiation absorbed by plants (biomass ener ; ore 
3. Heat flux from the earth’s interior through the surface G 
4. Amount of energy stored as kinetic energy in waves 

5. Accumulated potential enery in water (hydro) 


(a) 9.5 x 107° J/yr. 
(6) 9x 1079 J 
(geothermal energy) (c) 7.5 x 1029 J 
(d) 3.8 x 1074 J/yr. 
(e) 1.3 x 107! J/yr. 


6. Kinetic energy available in the atmosphere circulation (wind power) A 1018 J 
Ans. 1. (d) 2. (e) 3. (a) 4. (f) 5. (b) 6. (c) 
2. Match two parts in relation to solar energy 
a B 
1. The rate at which solar energy arrives at the top of the atmosphere (a) CO, and moisture 
2. Short wave ultraviolet rays from solar radiation get absorbed (b) Ultraviolet light, visible 
light and infra red light 
3. Infra red waves get absorbed (c) Ozone 
4, Solar radiation gest scattered while passing through earth’s surface (d) Solar constant 
5. Solar spectrum outside the atmosphere at a ground level (e) Water vapour and dust 
Ans. 1. (d) 2. (c) 3. (a) 4. (e) 5. (b) 
3. Match the following in connection with solar energy 
A B 
1. Use of latent heat in changing solid to liquid (a) NH, HSO, 
2. Use of solar energy by anaerobic fermentation of algae (b) Glauber’s salt 
3. Thermo-chemical energy storage using solar energy (geothermal energy) (c) brine 
4. Solar storage battery (d) methane 
5. Solar pond (e) AgCl 
Ans. 1. (b) 2. (d) 3. (a) 4. (e) 5. (c) 





2 E MULTIPLE CHOICE QUESTIONS 





l. In the form of electromagnetic radiation from sun, 5. The current generated by PV cells of 1 sq.m area is 


f 
earth receives kW energy/day pl ri i (b) 80 A 
(a) 2.9 x 1011 (b) 2.9 x 10° : 
(c) 160 A (d) 270 A 


(c) 2.9 x 1015 (d) 2.9 x 1017 


6. The value of ratio of blade tip speed to wind speed in 


2. A single solar cell has an open circuit voltage of __ 


wind mills is of the order of 


(a) 0.6 to 1.0 V (b) 1.0 to 2.5 V (a) 0.2 to 2 (b) 2 to 10 
(c) 2.5 to 7.0 V (d) 7.0 to 10.0 V (c) 10 to 20 (d) 20 to 50 
3. Which is not true about loss in flat solar collector? . Cut-—in speed in wind mills is of the order of 
la) Convection loss (b) Conduction loss (a) 1-3 m/s (b) 3-6 m/s 
(c) Radiation loss (d) Reflection loss (c) around 7 m/s (d) 8-10 m/s 


- Around 47% solar radiation intensity occurs in wave- 


Wind energy factor (ratio of actual wind energy and 


length cube of mean velocity) is of the order of 
(a) 0 s 7.5 ym (a) 0.1 to 0.5 (b) 0.5 to 0.8 
Pie a (c) 0.8 to 0.9 (d) above unity 
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9. If wind mill diameter is doubled, the power output 


will increase 


(a) 2 times (b) 4 times 

(c) 8 times (d) 16 times 
10. Number of blades in a wind mill may be 

(a) 20r3 (6) 4 to 6 

(c) 6 to 9 (d) 9 to 12 


11. Biogas is a mixture containing 


(a) 55-65% methane, 30-40% CO, and balance 
impurities 

(b) 20% methane, 25% CO,, 5% O,, 10% H,, 5% CO 
and balance impurities 

(c) 50% fuel gas, 25% O,, 10% CO, and balance 
impurities 

(d) Mixture of CO,, NH,, CH, Ho, N, and CO. 


12. A biological process that occurs in the absence of 


oxygen and in the presence of anaerobic organisms 


at ambient pressures and temperatures of 35-70°C 
is called 


(a) biogas generation 

(6) digestion 

(c) photosynthesis 

(d) biochemical conversion 


13. Which of the following marine plant is considered 


promising for biomass production 
(a) water hyacinth (b) algae 
(c) ocean kelp (d) all of above 


14. The technology which converts cellulose to alcohols 


through fermentation 
(a) digestion 
(c) pryrolysis 


(b) hydrolysis 
(d) hydrogenation 


15. Casurarina, Eucalyptus, Sorghums are concerned 


with 

(a) biomass power generation 
(b) solar power generation 

(c) chemical power generation 
(d) hydro generation 


16. Converting biomass to low heating value gas or 


medium heat value gas is called 
(a) thermochemical version 

(b) pyrolysis 

(c) fermentation 

(d) anaerobic digestion 


In questions given below, two statements S-A and S- 
B are given. Examine them and answer as follows. 
(a) If S-A is correct and S-B is false 

(b) If S-A is false and S-B ts correct 

(c) If both S-A and S-B are correct 

(d) If both S-A and S-B are wrong 


17, Statement: A. For a concentrator system the cost 


per unit area of solar collecting surface is less be- 
cause reflecting surfaces require less material and 
are structurally simpler than flat-plate collectors. 


Ans. 
18. 


Ans. 
19. 


Ans. 
20. 


Ans. 
21. 


Ans. 
22. 


Ans. 
23. 


Ans. 
24. 


Ans. 
25. 







E 


Statement-B. The absorber area is g 
solar energy collection and therefor 
intensity is greater for concentratin 
(c) Both statements are correct. | 
Statements-A. Initial cost of concentratin 
tor systems compared to flat collector jg i Oly, 
Statements-B. Only beam component jg lg | 

g 


Maller fy 
e the inso 
g collecto, i 


Ja 


in case of focussing collectors. 
(6) Statements-B is correct. 
Statements-A. Efficiency of solar cell ist 
power delivered to incident radiation. 


Statements-B. Maximum efficiency of a parti | 
solar cell depends on the materials, design p le 
eters, manufacturing process, test conditions k; | 
is of the order of 25 per cent. J 


(c) Both are correct. | 


he rati i | 


Statements-A. Solar array has several module Cop | 
nected in series, parallel, series/paralle] and del. | 
ers DC power through two terminal leads. 
Statements-B. Configuration of the solar Py array 
is selected to obtain desired voltage and Current by 
suitable series, parallel connections of PV module 
(c) Both are true. 


Statements-A. PV cells which have only silicon s | 


the base for PN junction are called ‘Homojunctia! 
PV cells. 


Statements-B. PV cells which have two base mate 

rials (e.g. Cadmium Sulphide-Copper) are called | 
hetero-junction PV cell. | 
(c) Both are true. | 


Statements-A. High temperature concentrating ani | 
focussing collectors which track then sun only utt 
lize direct-normal radiation. ! 
Statements-B. Flat-plate and stationary PV ui 
tems function with both components of radiato? 
(c) Both Statement-A and Statement-B are tu® 
Statements-A. Cut out speed is wind speed at ý 
wind-turbine starts delivering shaft powe!: 
Statements-B. Cut in wind speed is the spe | 
which power conversion is cut out. | 


(d) Both are false. 
Statements-A, Nacelle is an assemblage ng 
ing of the wind turbine, gears, generator, | 


control gear etc. mounted in a housing: 


trol. 
(c) Both are true. W 


as 
Statements-A. Power coefficient is define? a 
ratio of power obtainable by wind roto! to” | 
available in the wind. Theoretically its 
value is 16/27. 
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27. Statements-A. If wind speed is higher than nomi- 
, nal speed, turbine can be over-loaded and damaged. 
(a) Statement-A is correct and Statement-B is wrong. Wind turbines therefore cut out at cut out speed. 
Statements-B. Horizontal axis wind turbines must 
always follow the direction of the wind. Yawing op- 
eration enables to move turbine in wind direction. 
Ans. (c) Both statements are true. 


26 Statements-A. Wind shear refers to phenomenon 
" that wind speed varies considerably with height. 
Statements-B. Betz limit is the maximum portion 
of available wind energy that can be extracted by a 
wind turbine according to momentum theory. 
Ans. (C) Both are true. 





ANSWERS 
1. (c) 2. (a) 3. (c) 4. (a) 5. (d) 6. (b) 7. (c) 8. (d) 
9. (b) 10. (a) 11. (a) 12. (b) 13. (d) 14. (b) 15. (a) 16. (a) 
17. (c) 18. (b) 19. (c) 20. (c) 21. (c) 22. (c) 23. (d) 24. (a) 
25. (a) 26. (c) 27. (c) 


Scanned by CamScanner 









the effect of forces acting upon the 
f equilibrium ° bodies. 
of forces acting upon the 


Statics deals with 
bodies at rest and conditions 0 
Dynamics deals with the effect 
bodies in motion. Force is any action which 
the state of rest of a body to which it is applied. Force wor 
be defined completely when (i) its magnitude, (ii) point 0 
application and (iii) its direction are known. Any quantity 
having both magnitude and zC 
direction is known as vector 
quantity. A force may be 
represented by an arrow- 
headed line called a ‘vector’ 
which gives ‘magnitude’, 
proportional to its length, its 
‘point of application’ and its 





Fig. 7.1 (a) 
‘direction’. According to law of parallelogram of forces, if 


two forces represented by vector OA and OB are acting at 
point O and inclined to each other at angle 9, then their action 
is equivalent to action of one resultant force, represented by 


the vector OC which is the 


diagonal of the parallelogram 
formed as shown in Fig. 7.1. It will be observed that it is also 
possible to find resultant by constructing triangle OBC which 
is called the triangle of forces. According to triangle law of 
forces, if two forces acting simultaneously on a particle, be 
represented in magnitude and direction by the two sides of a 
triangle, taken in order then their third side represents the 
resultant but direction will be in opposite order. 
According to polygon of forces, the force vectors may 
be added by drawing a polygon of forces. The line completing 
the polygon is the resultant (note that its arrow points in the 
opposite direction), and its angle to a refere irecti 
cag ane) nce direction may 
According to equilibrium law, tw 
ak , two force 
equilibrium only if they are equal in magnitude, o asi t $ 
direction, and collinear in action. ean 
According to law of su iti 
perposition 
given system of forces on a rigid body will in epee 
changed if another system of forces in equilibri mes 4 a 
or subtracted from them. OTAS added 
Restriction to the free moti 
% 0 s è 
is called constraint. Whenever a Panes in any direction 
equal and opposite reaction is experien ei on a support, an 
A [res body diagram is formed by showin : yen - ne suppart, 
on a body, and th 8 all the lorces acti 
| y e body or its support being no sacking 


j n t shown. 
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| 










rces, applied to a body at one point "i 


If several fo | 
se can ber ay 
in the same plane, then the eplaced by a ing | 


resultant force- | 
For a body, acted upon by the several concurs, 


coplanar forces, to be in equilibrium, these forces yp 
geometrically added, must form a closed polygon. | 
The projection on the coordinate axes, of the resulta 
of a system of concurrent forces F py Fy Fy «+ oy F, actini 
one plane are equal to the algebraic sums of the correspond 
projections of the components. And when forces F, F, P| 
F are in equilibrium then SY, and £X, must be zero, 

A system of coplanar forces will be in equilibrium, i 
the sum of the resolved parts of the forces of the systemi 
any two perpendicular directions separately is zero. | 


The algebraic sum of their ` 
moments about any point in their 
plane is also zero. 

According to Lami’s 
Theorem, if three forces acting on a 
particle keep it in equilibrium then 
each is proportional to the sine ofthe 
angle between the other two. | 
Fig. 7.1 (b) 


eong 


The moment of force F 
about a point O at a perpendicular 
distance d from its line of action, is equal to Fd. | 

Resultant of several moments. If forces Fy fy a | 
act on a body at perpendicular distances d}, dy etc., 0 | 
point O, the moments are, M, = Fd}, M, = Fd») etc. aban” | 
The resultant moment is M, = M, + Mot ad 
Clockwise moment are reckoned positiv if : 
counterclockwise moments negative. If the moments d 
M, = 0 and the system is in equilibrium. | 





> 
AT ORE ON RR OS TOE OE A LO ON ON 


Fig. 7.1 (c) ats” 
e 
According to Varignon’s Theorem of Mos! 
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i am of moments of two forces about any point in 
ne is equal to the moments of their resultant about 


shat Pe eding to law of moments, if a point remains in 

| a under the effect of a number of coplanar forces 

r] om of clockwise moments must be equal to sum of 

-~o moments about any point in the same plane 

im ofa body 2H=0,5V=Oand=M=0, ` 

Couple. If two equal and opposite forces have parallel 

, oc of action a distance a apart, the moment about any point 

stan ce d from one of the lines of action [Fig. 7.1 (d)] is 
0a M = Fd - F(d - a) = Fa 

Thisis independent of d and the resultant force is zero. 


Such a moment is called a ‘couple’. 


d 
| d-a 
a a 
Fig. 7.1 (d) 
Resolution of moment into a force and a couple. 


For a force F at a from point O; if equal and opposite forces 


$ applied at O, then the result is a couple Fa and a net 
orce F, 





Fig. 7.1 (e) 


General condition for equilibrium of a body. 
om ete equilibrium exists when both the forces and the 
ents balance, i.e., F, = 0 and M, = 0. 


P 
“Operties of Couples 
fa eo l. The algebraic sum of the moments of the two forces 
“qual ee about any point in their plane is constant and is 
in moment of the couple. 
ate equi Anumber of coplanar couples acting on 
Algebraic alent to a single couple whose mom 
Sum of the moment of the couples. 


Comp] 


a rigid body 
ent in the 


3. Two couples acting in the same plane upon righ 9 
site 1n 


ay 
Sign p, S€ Moments are equal in magnitude but oppo 
ance each other. 


4. . 
The effect of a couple on a rigid body 1 








S unaltered 


if it 
cea transferred to any plane parallel to its own, the arm 
aining parallel to its original position. 


Friction 


Law of Static Friction 


1. The force of friction always acts in a direction, 


opposite to that in which the body tends to move. 


2. The magnitude of the force of friction, is always 


equal to the applied force. 


3. The magnitude of the limiting friction, bears a 


constant ratio to the normal reaction between the body and 


the surface i.e., = = a constant. 


4. The force of friction depends upon the roughness 


of the surface. 


5. The force of friction is independent of the area of 


contact between the bodies. 


Laws of Dynamic Friction 


1. The force of friction always acts in a direction 
opposite to that on which the body is moving. 


2. The magnitude of the dynamic friction bears a 
constant ratio to the normal reaction between the surfaces. 
It is slightly less than that in case of static friction. 

3. Friction force decreases at a slow rate with the 
increase of speed. 

The stage when the body acted upon by an external 
force is just on the point of moving, 1s called limiting 
equilibrium of the body. The force of friction which is offered 
by the rough surface at the stage of limiting equilibrium, is 
called limiting friction. When a body starts moving, the 
force of friction offered by the surface is called the dynamic 
friction. 

When a body is at the point of limiting equilibrium 
the force of friction is maximum. The angle which the 
resultant of the maximum force of friction and the normal 
reaction make with the normal reaction, is called the angle 
of friction. It is denoted by AÀ 


Maximum force of friction 
tan à =O 


Normal reaction 

The ratio of the limiting friction and the normal 
reaction is called coefficient of friction. 

Angle of repose 1s the greatest angle at which a plane 
must be inclined to the horizontal, before the body lying on 
it just slides down. The angle of repose is always equal to 
angle of friction. 

If the friction is not present, the reaction developed is 
normal to the surface. At the impending state i.e., when the 
motion just ensues, the maximum developed frictional force is 


= Coefficient of friction x Normal reaction. 


Equilibrium of a Body on an Inclined Rough Plane 
The force P acting horizontally when the body is about 
to move up is W tan (a + 4) and when the body is about to 
move down (Fig. 7.2), then P = W tan (a —A). 
The force P acting along the inclined plane, (Fig. 7.3) 
when the body tends to move up 1s 
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Fig. 7.4 
W x sin (a + A) 
P = ———_— 
cos À 
And when the body tends to move down 
W xsin (a — A) 
man = cos À 


The force P acting at an angle 9 to the inclined plane 
making angle a with horizontal and having angle of friction A, 
when the body tends to move up is 

W x sin (a — A) 
cos (6 + A) 
And when body tends to move down, 
p- W x sin (& — A) 
~ cos (8 —A) 


Centre of Gravity or Centroids of Various Figures and 
Bodies 


The centre of gravity of a body is that point through 
which the resultant of the system of parallel forces formed 


by the weight of all the particles of the body passes, for all 
positions of the body. 


then 





Fig. 7.5 


Centroid is a 


point in the plane figure at which whole 
area of the fig. is as 


sumed to act. 


. . . 4 
(i) Semi-circle — = above base on Symmetrical 
radius (r). 


- 4 

(ii) Quadrant — a from the centre. 

(tit) Semi-circle arc — z above base 
> : 


(tv) Quadrant arc — ar from both sides 
| T 





mexuaANIGAL ENGINE. A 
3 3 
(v) Parabola Xo = a a and ve = To? (Refer Fig 


3 
(vi) Hemisphere — D” 


(vii) Prism and cylinder — half the height, 


a f.. 
(viii) Solid cone and pyramid — 4 height above base n 
axis. 
1 , 
(ix) Hollow cone — height above base on axis, 


(x) For right angle of base 6 and height h 
coordinates ofc - g . are b/3 and h/3. 


(xi) For quarter ellipse in first quadrant with maj 
T 
axis ‘a’ and minor axis ‘b’, location of c.g. is at x = cd 


soo 


Centroids of composite plane figures and curves can 
be obtained by formulae 


Ax, + Apxo = 
where, A,, A, are areas of individual parts having their 
centroids at x,, y,, and x,, yo respectively. 

Moment of Inertia 

Let m,, mo, . 
of a body of mass M and Fi» To, .... their distances froma 
fixed straight line, called the axis. Then m,r,?+ mr; 


i.e., Emr? is called the moment of inertia of the body about 


the axis. The moment of inertia is also called the Second 
moment of area of the body. 


If the moment of inertia be equal to Mk?, then k is 
called the radius of gyration of the body about the axis. 


Moment of Inertia of Geometrical Figures 
M.I. of rectangle of width w and height h is 














wh? wh 
=p and 1,= 45 
M.I. of triangle of base b and height A is 
bh? bh? 
xx 36 and fias = “420 
nD! 
M.I. of circle of diameter D is I, = lys G4. 
M.I. by Routh’s rule, J = a for rectangular sectio? | 
AxsS i 
= —]~ for circular or elliptical secto? 
x 
=; for spherical body. 


where, A = area, 
V = volume and 


-= . axes: 
S = sum of squares of remaining two semi-ax° 
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| gnEERIN 

= e] Axis Theorem 

par The moment of inertia of a lamina ab 
> of the lamina equals the sum of 
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a 
t 


lon , 
out any axis in raj 8 a certain path before falling to the ground, known as 








la the moments of a perry parabolic shape. 
the é a about a parallel centroidal axis in the plane of lamina geen and y are the horizontal and vertical distances 
inert or with the product of the area of the lamina and the “ring the time ¢, 
toget f the distance between the two axes. 2 
` guare? . then, y=usinax —*__ 1} a. EN 
7 pi dicular Axis Theorem ucosa 2° 42 cos? a 
E Pe if[, and I be the moments of inertia ofa lamina about gx? 
f  putually perpendicular axes OX and OY in the plane of the eo SeU 2u” cos? a 
amina and I, be the moment of inertia of the lamina about where, u 


= initial velocity 


.< normal to the lamina and passing through the point of a = angle of pr 


j | P rsectiON of the axes OX and OY, then Le L+I ojection Że., angle between direction 


nae of project d horizon 
| Amachine is said to be reversible when the load gets SES A Eala 
to jowered on removal of the effort. If the efficiency of a Machine 
| is Jess than 50% it is non-reversible or self-locking. 
` pezible Strings j 
| Flexible string is a string which offers no resistance 
| on bending at any point and catenary is the curve in which a 
) | uniform string or chain hangs freely under gravity between 
| twopoints which are not in the same vertical line. This curve À 
É i parabolic in nature when cable carries a uniformly 7 a x—»| B 
distributed vertical load. | 
| Fig. 7.7 
"Y 
| n 
| I~ 
Y, s Horizontal range R = la 
Y B 8 
l i | For a given value of u, R is maximum when sin 2 ais 
| N maximum, i.e., sin 2a = 1 or 2a = 90° 
, | X x j2 ; a = 45° 
t 1 y | . u? 
| Maximum value of R = — 
C 7 
5 | Fia. 7.6 ; 2u sin? a 
| ig. 7. Time of flight t= oe 
| r 
| . In the case of parabolic curve, if cable carries a 
uniformly distributed load of intensity w with respect to Maximum height Å u” sin? o 
‘zontal span Z, the important formulae are — “= 2g 
we The velocity and direction of motion of a projectile at 
= OH a given height h, above the point of projectile 
H = tension in cable at lowest point C u =u? - 2gh 
S = tension in cable at other point, such as 
3 y Ju? sin? a — 2gh 
P= JH + (wx) a ane 
H? + wa’, Bam JH? + wb? Time of flight of a projectile up an inclined plane 
| y 2 ,_ wb? , 2u sin” (a-p) 
a ! 2H’? © oF g cosp 
a= l = a h=y,- Vp b= L $ hi where, œ is angle of projection and ß is angle of inclined 
2 wl 2 2 wl plane. _— 
iw h Time of flight of a projectile down an inclined plane 
7 he (v.23 Into, 2u sin (a + B) 
i í wl? ~ gcosB 
' VF ¥.=y,a=b= D’ then H = 8y The range of a projectile on an inclined plane 
Yectileg 2u? sin (a — B) cos a 
a Ifan ob; . ra baai in initial velocity ia = gosb 
nd allowe Ject is thrown in air with certain in 


to fall under influence of gravity, it will traverse 
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$ > 3 
For maximum range up an inclined plane 
uN B 
Qe—+-—, 
4 2 l 
For maximum range down an inclined plane 
n P 
o = ee at 
4 2 


Equations for Angular Motions 
(i) w = @, + at, 

(ii) @ = Wot + Zat 

(iii) w = œf + 200 

where, œ = initial angular velocity in radians/sec. 
w = final angular velocity in radians/sec. 
t = time taken in seconds. 
6 = angle traversed in radians 


a = angular acceleration in radians/sec?. 

A body performing rotary motion at uniform angular 
velocity wis acted on by instantaneous acceleration towards 
the centre, known as centripetal acceleration whose value 
is w?r. 

Work and Power 

Work = Force x distance 

(Work by torque = T6) 

Io? 


Rotational kinetic energy KE = Eu 


where, J = moment of inertia of body 


Change of kinetic energy = a (v? — u?) 


Potential energy PE = mgh 
where, g = acceleration due to gravity (9.81 ms-?), 
h = height above a datum. 


kx? 
Strain energy SE = Fx = CY 
where, x = deflection, 
k = stiffness. 
Conversion of potential energy to kinetic energy: 
2 


h= mu 
mgh = -5 
2 
Therefore, v= J2gh or h= = 
& 
Power 
Fx 
Power, P = —= Pde Fv (Nms“! = Js-! = W) 
Rotational power P = torque x angular velocity 
= To = = 


Also, if N = the number of revolutions per second 
P = 2nNT 
where, 2nN = angular velocity œ. 


Momentum and Impulse 


Momentum of a body having a motion of translation 


= MV, 





MECHANICAL ENGINE. | 


m of rotating body = Jo. 


Momentu i 
law of conservation of mom 


According to 
tum oti as 

the total momen 
by mutual action between them. 


Impulse 1s the change in momentum Produced} 
action of a force applied on a body within an infinite 
interval of time. Impulse = Force x Time. 

It was observed by Newton that when tw, 


nalte 


impinge directly, their relative velocity after the impaç 
a constant ratio to their relative velocity before iina 
is in the opposite direction. 

If two bodies of masses m and m’ moving diei 
same line with velocity u and u’ respectively collide te 
after the direct impact if their velocities are y and y 
respectively, then 


ct ang 


v-v’ =-e(u-w’ ) 


where, e is a coefficient called the coefficient of restitution 


S.H.M. 


have simple harmonic motion. 


The time taken by the body for one complete oscillation ` 
is called time period T which is equal to 2r/o (w = angular ` 


velocity). 


The acceleration of a particle moving with S.H.M.is | 
equal to w*y (y = distance from the mid point). Velocity of ) 


particle moving with S.H.M. is 


v= yr*—y*,r= amplitude 


The time period of simple pendulum is given by 


T=2nJlig 


where, Z is the length of simple pendulum. 


The motion of a particle from one extremity to th? — 
other constitutes half an oscillation and is called a Beat. I a 


pendulum executes one beat per second or whose time pe"! 
1s 2 seconds is called second’s pendulum. 


For a second’s pendulum 


T= 2m lig = 9 
or Vl/g = l/r s, ] = E = 99.4 cm 
T 
~ Arigid body free to oscillate about a smooth horizont 
axis p i 


assing through it is called a compound pend 





Time period of compound pendulum is t = 2%" gl 


where, l= length between point of suspension and centre” 
gravity and 
k = radius of gyration. 0 
In case of compound pendulum the centre? 


Suspension and oscillation are interchangeable. e 
p int OB, 
Centre of percussion is defined as that point” at 


body at which a blow may be struck so that the reac 
the point of Suspension is zero. 
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If a body moves in a straight line such that its | 
acceleration is always directed towards a fixed point andi 
proportional to its distance from the fixed point, it is said ty | 


s principle 





e . 
a rigid body is acted upon by a system of forces, the 
may be reduced to a single resultant force whose 
oyster je, direction and the line of action may be found out 
pa tho d of graphic statics. 
P=mf=0. 
ee ; 
potio? of Lift , 
The tension 1n the cable supporting the lift of weight 
y when it is moving UP with acceleration f is 


& 


d when it is moving down, then tension is 
& 


Motion of two bodies connected by a string 
(1) For the system of two bodies 

sonnected by a string and passing over a 

smooth pulley (Fig. 7.8). 
Acceleration 


f= (m -mE netre/sec? 
my, + my 
Tf |r 


T= 2mm 
~ my +m, 
(2) The acceleration f developed 
ina body of mass m, hanging freely and m, 
connected by a string to other body of 
mass W lying on a smooth horizontal 
plane (Fig. 7.9). 


An 


and tension 


g, Newtons 





m4 


Fig. 7.8 





M8 2 
= , metre/sec 
f +W 













Rough 
surface 





by a aoe A body of mass m, is hanging freely and connected 
lyi g passing over a pulley, to another body of mass W 
ying on a smooth plane, tension T in the string is 
T= A x g, Newton 

(4) A body of mass m, is hanging freely and connected 
by a string passing over a pulley, to other body of mass W 
lying on a rough horizontal plane. The tension T in the 
string is 





T= mye) x g, Newtons 
my, +W 
(5) The body of mass m, is hanging freely and 
connected by a string passing over a pulley, to another body 
of mass m, lying on rough horizontal plane. 


The acceleration of the system is 
= g(r, ~ uma) metre/sec’. 
m + m2 
Pendulum 
For simple pendulum, periodic time 


1 
t_= 21 E , and frequency fass 
E tp 





Fig. 7.11 (a) 
Pendulum. For conical pendulum, periodic time 


A = 20 E ,and string tension T = mL. 
g 





Fig. 7.11 (b) 


dulum, periodic time 


| 2 2 
t = 2n (At +k) 
P gh 


For compound pen 
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Fig. 7.11 (c) 


hê +k? _ 
h 





L’ = the length of the equivalent simple 


pendulum which is 


exists between bodies. 
on the masses an 
masses mM, and m, 


where, 


kg (earth’s mass), d = 6.37 x 10° m (earth’s radius), Th, 


also equal to the distance t, ie : 
è 


ercussion. , 
p Here k = radius of gyration about CG, h. P 
from pivot to CG. “tay, 


— ith the mutual attranı: 
vitation deals with th attract; 
iin The magnitude of the force 4 
d the distance between them 


a distance d apart, the force jg. 





G is the ‘gravitational constant’ 
-= 6.67 x 10-1! Nm? kg? 


For a body m, on the earth’s surface m, = 5.97, i 


N 
6.67 x 5.97 


6.37? 


x 10 m, = 9.81 m, = gm, 





MULTIPLE CHOICE QUESTIONS © 





1. The unit of force in S.I. units is 


(a) Kilogram (b) Newton 

(c) Watt (d) Dyne 

(e) Joule. 
2. The unit of work or energy in S.I. units is 

(a) Newton (b) Pascal 

(c) Kilogram metre (d) Watt 

(e) Joule. 8 
3. The unit of power in S.I. units is 

(a) Newton metre (6) Watt 

(c) Joule (d) Kilogram metre/sec 

(e) Pascal per sec. 9 


4. Forces are called concurrent when their lines of ac- 
tion meet in 


(a) one point 
(c) plane 
(e) different planes. 
5. Forces are called coplanar when all of them acting 
on body lie in 
(a) one point 
(c) different planes 
(e) different points. 
6. A force acting on a body may 
(a) introduce internal stresses 
(b) balance the other forces acting on it 
(c) retard its motion 
(d) change its motion 
(e) all of the above. 


7. Which is the correct statement about law 
of forces ? 


(6) two points 
(d) perpendicular planes 


(b) one plane 
(d) perpendicular planes 


of polygon 


(a) if any number of forces acting at a point can be 
represented by the sides of a polygon taken in 
order, then the forces are in equilibrium 

(b) if any number of forces acting at a point can be 
represented in direction and magnitude by the 


sides of a polygon, then t i 
pies Yaa ta gon, n the forces are in 


10. 


11. 


12. 


(c) if a polygon representing forces acting at a point 
is closed then forces are in equilibrium 
(d) if any number of forces acting at a point can be 


represented in direction and magnitude by the | 


sides of a polygon taken in order, then the forces 
are in equilibrium 
(e) none of the above. 


. Effect of a force on a body depends upon 


(a) magnitude (b) direction 
(c) position or line of action 
(d) all of the above (e) none of the above. 


. If a number of forces act simultaneously on a par 


ticle, it is possible 

(a) not a replace them by a single force 

(b) to replace them by a single force 

(c) to replace them by a single force through C.G. 
(d) to replace them by a couple 

(e) to replace them by a couple and a force. 
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If the resultant of two forces P and Q acting atan g 


angle 0 makes an angle « with P, then 


P sin @ Q sin 9 
(a) tan q = —— 9 _ a, epee 
Q-—Pcos0 eye P+Qcos! 
Psin@ Q sin? 
(tangs = 2m e oa 
P +Q tan 8 () tan T 
(e) tan a = _Psin® _ 
P+Qsin 6 


A force is completely defined when we specify 
(a) magnitude (b) direction 

(c) point of application (d) all of the above 
(e) none of the above. 


If two equal forces of magnitude P act at an an 
their resultant will be 


gle 


(a) P/2 cos 6/2 (b) 2P sin 0/2 
(c) 2P tan 0/2 (d) 2P cos 0/2 
(e) P sin 0/2. 
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The algebraic sum of the resolved parts of a number 
of forces in a given direction is equal to the resolved 
art of their resultant in the same direction. This is 

as per the principle of 

(a) forces (6) independence of forces 

(c) dependence of forces (d) balance of force 

(e) resolution of forces. 

The resolved part of the resultant of two forces in- 

clined at an angle Ə in a given direction is equal to 

(a) the algebraic sum of the resolved parts of the 
forces in the given direction 

(b) the sum of the resolved parts of the forces in the 
given direction 

(c) the difference of the forces multiplied by the 
cosine of 0 

(d) the sum of the forces multiplied by the sine of 0 

(e) ms sum of the forces multiplied by the tangent 
of 8. 

Which of the following do not have identical dimen- 

sions ? 

(a) Momentum and impulse 

(b) Torque and energy (c) Torque and work 

(d) Kinetic energy and potential energy 

(e) Moment of a force and angular momentum. 

Which of the following is not the unit of distance ? 

(a) angstrom (6) light year 

(c) micron (d) millimetre 

(e) milestone. 

Which of the following is not the unit of power ? 

(a) kW (kilowatt) (b) hp (horse power) 

(c) keal/sec (d) kg m/sec 

(e) kcal/kg sec. 

Which of the following is not the unit of work, energy 

and heat ? 

(a) kcal 

(c) kWhr 

(e) hp hr. 

Which of the following is not the unit of pressure ? 

(a) kg/cm? (b) ata 

(c) atmosphere (d) mm of wel 

(e) Newton. 

The weight of a body is due to 

(a) centripetal force of earth 

(b) gravitational pull exerted by the earth 

(c) forces experienced by body in atmosphere 

(d) force of attraction experienced by particles 

(e) gravitational force of attraction towards the 
centre of the earth. 

The forces, which meet at one point, but their | 

of action do not lie in a plane, are called 

(a) coplanar non-concurrent forces 

(6) non-coplanar concurrent forces 

(c) non-coplanar non-concurrent forces 

(d) intersecting forces (e) none of the AA . 

en trying to turn a key into a lock, following 15 

applied 

(a) coplanar force 

(c) lever 


(b) kg m 
(d) hp 


ines 


(b) non-coplanar forces 
(d) moment 
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297 
(e) couple. 
Which of the following is not a scalar quantity ? 
(a) time (b) mass 
(c) volume (d) density 


(e) acceleration. 

According to principle of transmissibility of forces, 

the effect of a force upon a body is 

(a) maximum when it acts at the centre of gravity of 
a body 

(b) different at different points in its line of action 

(c) the same at every point in its line of action 

(d) minimum when it acts at the C.G. of the body 

(e) none of the above. 

Which of the following is a vector quantity ? 


(a) energy (b) mass 
(c) momentum (d) angle 
(e) speed. 


The magnitude of two forces, which when acting at 
right angle produce resultant force of y10 kg and 


when acting at 60° produce resultant of /13 kg. 
These forces are 


(a) 2 and V6 
(c) V5 andV5 


(e) none of the above. 

A number of forces acting at a point will be in equi- 

librium if 

(a) their total sum is zero 

(b) two resolved parts in two directions at right 
angles are equal 

(c) sum of resolved parts in any two perpendicular 
directions are both zero 

(d) all of them are inclined equally 

(e) none of the above. 

Two non-collinear parallel equal forces acting in op- 

posite direction 

(a) balance each other 

(b) constitute a moment 

(c) constitute a couple 

(d) constitute a moment of couple 

(e) constitute a resultant couple. 

According to principle of moments 

(a) if a system of coplanar forces is in equilibrium, 
then their algebraic sum is zero 

(b) if a system of coplanar forces is in equilibrium, 
then the algebraic sum of their moments about 
any point in their plane is zero 

(c) the algebraic sum of the moments of any two 
forces about any point is equal to moment of 
their resultant about the same point 

(d) positive and negative couples can be balanced 

(e) none of the above. 

Which of the following is not a vector quantity ? 


(b) 3 and 1 kg 
(d) 2 and 5 


(a) weight (b) velocity 
(c) acceleration (d) force 
(e) moment. 
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31. According to law of triangle of forces 


32. 


33. 


34. 


35. 


36. 


(a) three forces acting at a point will be in 
equilibrium 

(b) three forces acting at a point can be represented 
by a triangle, each side being proportional to force 

(c)if three forces acting upon a particle are 
represented in magnitude and direction by the 
sides of a triangle, taken in order, they will be in 
equilibrium 

(d)if three forces acting at a point are in 
equilibrium, each force is proportional to the 
sine of the angle between the other two 

(e) none of the above. 


A known force R is to be replaced by two forces P 


and Q parallel to it and at distance a and b from R 
(shown in Figure). Force P will be equal to 





R 
a b 
P Q 
(a) R/2 (b) R 
Rb Ra 
TT ars) 


(e) none of the above. 

If a rigid body is in equilibrium under the action of 
three forces, then 

(a) these forces are equal 


(6) the lines of action of these forces meet in a point 
(c) the lines of action of these forces are parallel 
(d) (b) and (c) above 

(e) none of the above. 


If two forces each equal to P in magnitude act at 
right angles, their effect may be neutralised by a 
third force acting along their bisector in opposite 
direction whose magnitude is equal to 


(a) 2P (b) P/2 
(c) V2 P (d) P/J2 
(e) 3P. 


The resultant of two forces P and Q inclined at 
angle 6 will be inclined at following angle w.r.t. P 


(a) 8 (b) tan-? _@ sin @ _ 
2 P+Qcos0 
(c) tan~! T a (d) tan-! oe 
+ Psin 
(e) tan-} _Pcos8 
Q+Psin@ 


D’ Alembert’s principle is used for 

(a) reducing the problem of kinet 
Statics problem 

(b) determining stresses in the truss 

(c) stability of floating bodies 

(d) designing safe Structures 

(e) solving kinematic problems. 


ics to equivalent 
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MECHANICAL ENGiye, : 
| 


A heavy ladder resting on floor and against ay 
cal wall may not be in equilibrium, if e 
(a) the floor is smooth, the wall is rough 

(b) the floor is rough, the wall is smooth 

(c) the floor and wall both are smooth sy rfaces 

(d) the floor and wall both are rough surfaces 

(e) will be in equilibrium under all conditions 

According to Lami’s theorem | 

(a)three forces acting at a point wil 
equilibrium . : 

(b) three forces acting at a point can be represent, | 
by a triangle, each side being Proportional : 
force . 

(c)if three forces acting upon a partic) 
represented in magnitude and direction bY the 
sides of a triangle, taken in order, they wil] be in 
equilibrium 

(d) if three acting at a point are a 
equilibrium, each force is proportional to the 
sine of the angle between the other two 

(e) none of the above. | 

Two coplanar couples having equal and opposite ` 

moments 

(a) balance each other 

(6) produce a couple and an unbalanced force 

(c) are equivalent 

(d) produce a moment of couple | 

(e) can not balance each other. | 
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A framed structure is perfect if it contains members _ 
equal to | 
(a) 2n-3 (b)n-1 | 
(c)2n-1 (d)n—-2 
(e) 3n — 2. 


where, n = number of joints in a frame | 
At what height from the base of a pillar must the 
end of a rope of given length (1) be fixed so that a 
man standing on the ground and pulling it at the 
other end with given force may have the greatest 
tendency to make the pillar overturn 

(a) 1/2 (b) 21/3 | 
(c) U2 (d) 31/4 | 


(e) Jl/2. 


The product of either force of couple with the arm of | 
the couple is called 


(a) resultant couple 
(c) resulting couple 
(e) none of the above. 


In determining stresses in frames by methods 0 
tions, the frame is divided into two parts by an e 
nary section drawn in such a way as not to cut m? 
than e 
(a) two members with unknown forces of the ny 
(b) three members with unknown forces %f 

frame e 
(c) four members with unknown forces of the oe 
(d) three members with known forces of the fram 
(e) four members with two known forces. t 
The centre of gravity of a uniform lamina lies ê 
(a) the centre of heavy portion 


yae 


(b) moment of the foros 
(d) moment of the coup” 
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G MECHANICS 

(b) the bottom surface 

(c) the mid point of its axis 

(d) all of the above (e) none of the above 

Centre of gravity of a solid cone lies on the axis t 

the height a 

(a) one-fourth of the total height above base 

(b) one-third of the total height above base 

(c) one-half of the total height above base 

(d) three-eighth of the total height above the base 

(e) none of the above. 

Centre of percussion is 

(a) the point of C.G. 

(b) the point of metacentre 

(c) the point of application of the resultant of all the 
forces tending to cause a body to rotate about a 
certain axis 

(d) point of suspension 

(e)the point in a body about which it can rotate 
horizontally and oscillate under the influence of 
gravity. 

Centre of gravity of a thin hollow cone lies on the 

axis at a height of 

(a) one-fourth of the total height above base 

(b) one-third of the total height above base 

(c) one-half of the total height above base 

(d) three-eighth of the total height above the base 

(d) none of the above. 

The units of moment of inertia of an area are 

(a) kg m? (b) mt 

(c) kg/m? (d) m? 

(e) kg/m‘. 

The centre of percussion of the homogeneous rod of 

length L suspended at the top will be 

(a) L/2 (b) L/3 

(c) 3L/4 (d) 2L/3 

(e) 3L/8. 

The centre of gravity of a triangle lies at the point of 

(a) concurrence of the medians 

(b) intersection of its altitudes 

(c) intersection of bisector of angles 

(d) intersection of diagonals 

(e) all of the above. 

The units of moment of inertia of mass are 

(a) kg m? (b) m* 

(c) kg/m? (d) kg/m 

(e) m?/kg. 

The possible loading in various mem 

structures are 

(a) compression or tension . 

(b) buckling or shear (c) shear or tension 

(d) all of the above (e) bending. hori- 

A heavy string attached at two ends at same a 

zontal level and when central dip 1s very small ap 

Proaches the following curve 

(a) catenary (b) parabola 

(c) hyperbola (d) elliptical 

(e) circular arc. 

A trolley wire weighs 1.2 kg pe 1 

ends of the wire are attached to two PO z find the 

apart. If the horizontal tension 15 1500 Kg; 

dip in the middle of the span 


bers of framed 


59. 


56. 


57. 


58. 


59. 


60. 


61. 


(a) 2.5 cm 
(c) 4.0 cm 


(e) 2.0 cm. 


From a circular plate of diameter 6 cm is cut out a 
circle whose diameter is a radius of the plate. Find 


n of the remainder from the centre of circular 
plate 


(b) 3.0 cm 
(d) 5.0 cm 


(a) 0.5 cm (b) 1.0 cm 
(c) 1.5 cm (d) 2.5 cm 
(e) 0.25 cm. 


A rope is wrapped twice around a rough pole with a 
coefficient to friction p. It is subjected to a force F, 
at one end. A gradually increasing force F, is ap- 
plied at the other end till the rope just starts slip- 
ping. At this instant the ratio of F, to F} is 

(a) 1 (b) e4. 

(c) e°! (d) eb360 

(e) none of the above. 

M.I. of a thin circular ring of radius r and mass M 
about an axis perpendicular to plane of ring is 





4 
(a) Mr? (b) 7 
Dann 2 
(c) = ir (d) 3 Mr 
2 
(e) Mr . 
2 


Pick up the incorrect statement from the following : 

(a) The C.G. of a circle is at its centre 

(b) The C.G. of a triangle is at the intersection of its 
medians 

(c) The C.G. of a rectangle is at the intersection of 
its diagonals 

(d) The C.G. of a semicircle is at a distance of r/2 
from the centre 

(e) The C.G. of an ellipse is at its centre. 

The centre of percussion of a solid cylinder of 

radius r resting on a horizontal plane will be 


(a) r/2 (b) 2r/3 
(c) r/4 (d) 3r/2 
(e) 3r/4. 


M.I. of a circular area about an axis perpendicular 
to the area is 





(a) Mr? 6) = 
2 2 2 

(c) gun (d) z Mr 
Mr? 

(e) z“ 


The M.I. of a thin ring, external diameter D, inter- 
nal diameter d, about an axis perpendicular to the 


plane of the ring is 
T -n4, 4 T (Di -d4 
(a) zg P + d?) (b) aa | ) 
T 74 4 

(0) = (Dt +d’) (d) = (dt + D9) 


1 4 
(e) 32 ( 
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69. The coefficient of friction depends on 


62. In the equation of virtual work, following =—_ (a) area of contact (b) shape of Surface 
neglected , ; (c) strength of surfaces (d) nature of , 
(a) reaction of any smooth surface with which the to) all of the above. Urfacg 


body is in contact 
(b) reaction of a rough surface o 
on it without slipping . 
(c) reaction at a point or an axis, fixed in space, 
around which a body is constrained to turn 
(c) vertically 


(d) all of the above (e) none of the above. ito The anclewee: 
63. Ifa suspended body is struck at the centre of percus- (d) at an ane? equal to the angle of friction tog 
sion, then the pressure on the axis passing through inclined plane ty 


the point of suspension will be 


70. Least force required to draw a body UP thej | 
plane is W sin (plane inclination + friction te 
applied in the direction ang), 
(a) along the plane (b) horizontally 


f a body which rolls 


JE 


(e) unpredictable. 
71. The ratio of limiting friction and normal reaching 
a 























(a) maximum (b) minimum 
(c) zero (d) infinity known as o | 
(e) same as the force applied. (a) coefficient of friction (b) angle of friction 
64. M.I. of a solid sphere is (c) angle of repose (d) sliding friction | 
ur! (e) friction resistance. 
(a) Mr? (b) 7 72. Which one of the following statements is not correg 
2 9 (a) the tangent of the angle of friction is equa] t | 
(c) Z Mr? (d) gM m coefficient of friction? | 
5 9 (b) the angle of repose is equal to angle of friction | 
(e) aan ; (c) the tangent of the angle of repose is equal t 
2 , coefficient of friction 
65. The resultant of the following three couples (d) the sine of the angle of repose is equal i | 
20 kg force, 0.5 m arm, + ve sense coefficient to friction | 
30 kg force, 1 m arm, — ve sense (e) none of the above. | 
40 kg force, 0.25 m arm, + ve sense 73. On a ladder resting on smooth ground and leaning | 
having arm of 0.5 m will be against vertical wall, the force of friction willbe | 
(a) 20 kg, — ve sense (b) 20 kg, + ve sense (a) towards the wall at its upper end | 
(c) 10 kg, + ve sense (d) 10 kg, — ve sense (b) away from the wall at its upper end 
(e) 45 kg, + ve sense. (c) upwards at its upper end | 
66. M.I. of an elliptical area having major and minor (d) downwards at its upper end | 
diameters as x and y, about the major axis is (e) none of the above. i 
3 b nyx? 74. On the ladder resting on the ground and leaning | 
(a) nxy (b) 4 against a smooth vertical wall, the force of friction 
2,3 i will be | 
(c) = (d) 3° (a) downwards at its upper end | 
(b) upwards at its upper end | 
(e) TXY i (c) perpendicular to the wall at its upper end | 
67. M.I. of thin spherical shell is (d) zero at its upper end 
i (e) none of the above. i 
(a) Mr? (b) 75. The velocity of a body on reaching the ground from 
2 height h, is given by 
(c) 2 Mr? (d) = Mr? (a) v = 2gh (b) v = 2gh? | 
mi (c) v = /2gh (d) v = 12h? 
(e) ; h2 i 
2 (e) v = —. j 
68. Angle of friction is the 2g td f 
(a)angle between normal reaction and the 76. Frictional force encountered after commence™ 
resultant of normal reaction and the limiting motion is called E ! 
friction (a) poit ileko (b) limiting fricho® ee | 
(b) ratio of limiting friction and normal reaction (c) kinematic friction (d) frictional resist ' 
(e) the ratio of minimum friction force to the friction (e) dynamic friction. 
force acting when the body is just about to move 77. Coefficient of friction is the he | 
(d) the ratio of minimum friction force to friction (a) angle between normal reaction an itil’ 
force acting when the body is in motion -eguitant of normal reaction: and tbe li 
(e) ratio of static and dynamic friction. Pseto 
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. Total time (ż) of the flight of a proj 


= Ain MECHANICS 


ratio of limiting friction and normal reaction 

the friction force acting when the body is just 

about to move 

(d) the friction force acting when the body is in 
motion 

(e) tangent of angle of repose. 

pick up Wrong statement about friction force for dry 

surfaces. Friction force is 

(a) proportional to normal load between the 
surfaces 

(b) dependent on the materials of contact surface 

(e) proportional to velocity of sliding 

(d) independent of the area of contact surfaces 

(e) none of the above is wrong statement. 

A body of weight W on inclined plane of a being pulled 

up by a horizontal force P will be on the point of 

motion up the plane when P is equal to 


(b) 
(c) 


(a) W (b) W sin (a + ) 
(c) W tan (a + ) (d) W tan (a — 4) 
(e) W tan a. 


A particle moves along a straight line such that dis- 
tance (x) traversed in ¢ seconds is given by 
x = t?(t — 4), the acceleration of the particle will be 
given by the equation 


(a) 3t? — 2t (b) 3t? + 2t 
(c) 6t-8 (d) 6t — 4 
(e) 6t? — 8t. 


Ifrain is falling in the opposite direction of the move- 
ment of a pedestrian, he has to hold his umbrella 


(a) more inclined when moving 
(b) less inclined when moving 
(c) more inclined when standing 
(d) less inclined when standing 
(e) none of the above. 


Cartesian equation of a trajectory is 
axe o 
2u? sin? a 
gx 
2u? tan” Q 
gx’ 
2u? cos” a 
gx’ 
2u? cos” © 


gx” 


2u? sin 


(b) y = x tan Q — 





(c) y = x tana— 





(d) y = x tan Q + 


(e) y =x tan a + ay 

o l 
ectile on a hori- 
zontal plane is equal to u = velocity of projection, x = 


angle of projection 





a 
(a); = 2u sin a (b) t= ae 

= E 

ta 

ejt- 2utana @t-== 

p g 
(e 

) none of the above. he earth is 


The escape velocity from the surface of t 
aPproximately equal to 


85. 


86. 


87. 
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90. 


91. 


92. 





(a) 9.81 km/sec 
(c) 14 km/sec 
(e) none of the above. 


For maximum range of a projectile, the angle of pro- 
Jection should be 


(b) 11.2 km/sec 
(d) 22 km/sec 


(a) 30° (b) 45° 
(c) 60° (d) 36° 
(e) 90°. 


A projectile is fired at an angle @ to the vertical. Its 
horizontal range will be maximum when @ is 


(a) 0° (b) 30° 
(c) 45° (d) 60° 
(e) 90°. 


If the velocity of projection is u m/sec and the angle 
of projection is a°, the maximum height of the pro- 
jectile on a horizontal plane is 


(a) u? cos” a (b) u? sin? a 
2g 2g 

(c) u tan? o (d) u sin? a 
2g g 


peaa siti 

Limiting force of friction is the 

(a) tangent of angle between normal reaction and 
the resultant of normal reaction and limiting 
friction 

(b) ratio of limiting friction and normal reaction 

(c) the friction force acting when the body is just 
about to move 

(d) the friction force acting when the body is in 
motion 

(e) minimum force of friction. 

Coulomb friction is the friction between 

(a) bodies having relative motion 

(b) two dry surfaces 

(c) two lubricated surfaces 

(d) solids and liquids 

(e) electrically charged particles. 

Dynamic friction as compared to static friction is 


(a) same (b) more 


(c) less 

(d) may be less of more depending on nature of 
surfaces and velocity 

(e) has no correlation. 

Two bodies of 100 kg and 400 kg are resting on two 

inclined planes a and B towards each other and the 

bodies are joined together by a string passing over a 

onnected at the top of inclined planes. Coef- 

f friction for two bodies with their inclined 

and p,. Tension in string will be 


pulley c 
ficient o 


planes are H; 
(a) 100 kg (b) 300 kg 
(c) 400 kg (d) 500 kg 
(e) 600 kg. 

Tangent of angle of friction is equal to 


(b) limiting friction 


(a) kinetic friction a 
(d) coefficient of friction 


(c) angle of repose 
(e) friction force. 
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(a) meet in a point (b) be all p aralle] 
(c) at least two of them must meet 

(d) all the above are correct 

(e) none of the above. 


93. Kinetic friction is the 
(a) tangent of angle between n 
the resultant of normal react 


ormal reaction and 
ion and the limiting 


friction : ximum frictional force which comes; | 
(b) ratio of limiting friction and normal reaction t _ aig a body just begins to slide over any Ua | 
(c) the friction force acting when the body 1s Jus Pee in called her A 
aboutto-move 5 i ‘miting friction (b) sliding frict: 
(d) a a force acting when the body 1s in ve » diag teietiat (d) kine matie ny 
motion Siva: 
. J a (e) dynamıc friction. ; 
mic friction. o. 
94. i required to be applied parallel to plane, to 102. The coefficient of friction ro fete upon | 
move a body of weight W upon rough inclined plane (a) nature of surfaces area of contact | 
(u = coeff. of friction = tan ọ) with inclination & to (c) shape of the surfaces | 
horizontal is (d) all of the above. (e) (a) and (b) above | 
(a) W tan a (b) W tan (a + 9) 103. According to parallel axis theorem for a plane | 
(c) W tan (a — 9) (d) W (sin a + p cos &) A, the M.I. about the axes XX and YY Sepa 
(e) W (cos a + p sin Q). distance r, j | 
95. The effort required to lift a load W on a screw o (a) I, =I, + Ar? (b) I, =I, -Ar° | 
with helix angle a and angle of friction > is equal to I, | 
(a) W tan (a ie ° (b) W tan (a — >) oy L, * L = Ar? (d) 7 = Ar? | 
(c) W cos (a + 9) (d) W sin (a + 9) ? | 
(e) W (sin æ + cos 6). (e) I, = La 
96. A semi-circular disc rests on a horizontal surface with Ar o. | 
its top flat surface horizontal and circular portion 104. The necessary condition for forces to be in equilib. | 
touching down. The coefficient of friction between rium is that these should be | 
semi-circular disc and horizontal surface is u. This (a) coplanar (b) meet at one point 
disc is to be pulled by a horizontal force applied at (c) both (a) and (b) above (d) all be equal 


one edge and it always remains horizontal. When 


al i e) something else. | 
the disc is about to start moving, its top horizontal te) j | 


Ptenarill 105. If three forces acting in different planes can be rep- | 
(a) remain horizontal resented by a triangle, these will be in 
(b) slant up towards direction of pull (a) non-equilibrium (b) partial equilibrium 
(c) slant down towards direction of pull (c) full equilibrium (d) unpredictable 
(d) unpredictable (e) none of the above. 
(e) none of the above. 106. If n = number of members and j = number of joints, | 
97. A particle inside a hollow sphere of radius r, having then for a perfect frame, n = | 
aas g $ 
coefficient of friction T can rest upto height of a 7 7 y E f ' | 
(a) r/2 (b) r/4 (e) 27 — 4. | 
(c) r/8 (d) 0.1384 r 107. A body moves, from rest with a constant acceler? | 
(e) 3r/8. tion of 5 m per sec. The distance covered in 5 sec! | 
98. The algebraic sum of moments of the forces forming most nearly { 
couple about any point in their plane is (a) 38 m (b) 62.5 m ! 
(a) equal to the moment of the couple (c) 96 m (d) 124 m | 
(b) constant (e) 240 m. 3 
Me Bn - on aa ae 108. A flywheel on a motor goes from rest to 1000 rp" | 


6 sec. The number of revolutions made is nea! ly ea” 


f 
(e) none of the above. to | 
99. A single force and a couple acting in the same plane (a) 25 (b) 50 | 
upon a rigid body (c) 100 (d) 250 ! 

(a) balance each other (e) 500 

(b) cannot balance each other 

(c) produce moment of a couple : 

(d) are equivalent te) none of the above. ner w e har a 
100. Ifthree forces acting in one plane upon a rigid body, (a) circle (b) ellipse 
(c) parabola (d) hyperbola 


. keep it in equilibrium, then they must either 
` (e) spiral of Archimedes. 


Scanned by CamScanner 





A r f which of the following is the locus of 


a pol 
moves in such a manner that its distance a a a I 
int is equal to its distance from a fixed ]; z (c) == Lyy 
d line multi- (d) = 
plied by a constant greater than one ? yy | JR 
(a) ellipse (6) hyperbola (e) |72 , 72 
(c) parabola (d) circle ii Viz +2, 
(e) none of the above. 7. The C.G. of a plane lamina will not be at its geo- 
111. Which of the following is not the unit of energy ae PATEN the case of a 
(a) kg m (b) kcal (o) right angled triangle (b) equilateral triangle 
(c) watts oor (d) watt hours a rN (d) circle 
(e) kg m x ( sec)*. 
l 118. Moment of inertia of a rectangular area of base b 
112. A sample of metal weighs 219 gms in air, 180 gms in TE A ea of base 
water, 120 gms in an unknown fluid. Then which is j a a Ads 
correct statement about density of metal (a) bd (b) bd" 
(a) density of metal can’t be determined 3 4 
(b) metal is twice as dense as water (e) bd? d) bd? 
(c) metal will float in water 6 12 
(d) metal is twice as dense as unknown fluid (e) bd? 
(e) none of the above. 8 ` 
113. The C.G. of a solid hemisphere lies on the central 119. The C.G. ofa right circular solid cone of height h lies | 
radius at the following distance from the base | 
3r (a) h/2 (b) h/3 
(a) at distance 7 from the plane base (c) h/6 (d) h/4 
(e) 3h/5. 
(b) at distance 3r from the plane base 120. Moment of inertia of a circular area, whose dia- 
4 meter is d, about an axis perpendicular to the area, 
3r passing through its centre is given by 
(c) at distance — from the plane base nd! ad 
5 (a) 64. (b) “39 
(d) at distance z from the plane base nd! ai d4 
: Te 16 
(e) at distance — from the plane base. nd? 
2 (e) 4 


114. The C.G. of a trapezium of base ‘b’, height ‘h’ and 


upper side ‘a’ lies at following distance from the base 121. M.I. of a hollow circular cross section (inside dia 


meter d and outside diameter D) about horizontal 

















b ° . 
a $(262) (b) 2( a+b) axis is ; 
3| a+b 3 \ 2a + (a) © (Dt - d’) b) -5 D-2) 
fey (ee ath) È 4_ di d) © (D4 -dt 
3\ a+b 2\ a+b 0 zz P — d?) (d) a! — d*) 
otf gee 
a+ , , 
| . ‘a’ and 22. The M.I. of hollow circular section about a central 
a a C.G. of oe isosceles m pape a ae i axis perpendicular to section as compared to its M.I. 
er sides ‘b’ lies at following d1s about horizontal axis is 
lha? p? 2 _ p? (a) same (b) double 
(a) t (b) J= (c) half (d) four times 
| [5-2-2 2 (e) one fourth. : . 
| (c) à 2a* — a? (d) a? - 25? 123. Moment of inertia of a right circular cylinder of 
| 6 6 radius r and mass M about its axis is given by 
2 
| 2 42 Mr 
(e) kadila l (a) Mr? b) > 
3 . 2 
116, According to theorem of perpendicular axes, if aa Mr? d) Mr 
I be the M.I. of a lamina about xx and yy N © -7 m 
LI. of the lamina about axis 2z, which 18 P Mr’ 
dicular to xx and yy, equal to (e) 3 
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124. 


125. 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


Moment of inertia of a triangle of base a and height 
h, about the base is given by 


ah? ah? 
ah? ah? 
(c) Fa (d) 19 
ah? 
(e) —. 
3 


M.I. of a triangular section of base a and height h 
about an axis passing through its c.g. and parallel 
to base is 


ah? ah? 
sel py SZ. 
(a) 6) 75 
ah? ah? 
a pa 
(o) -o KT 
ah? 
te) 48 ` 


Which of the following is the example of lever of first 
order 


(a) arm of man 
(c) pair of clinical tongs 


(b) pair of scissors 


(d) all of the above (e) none of the above. 

A pair of smith’s tongs is an example of the lever of 
(a) zeroth order (b) first order 

(c) second order (d) third order 


(e) fourth order. 

In the lever of third order, load W, effort P and 

fulcrum F are oriented as follows 

(a) W between Pand F (b) F between W and P 

(c) P between W and F 

(d) W, P and F all on one side 

(e) none of the above. 

The angle which an inclined plane makes with the 

horizontal when a body placed on it is about to move 

down is known as angle of 

(a) friction (b) limiting friction 

(c) repose (d) kinematic friction 

(e) static friction. 

In actual machines 

(a) mechanical advantage is greater than velocity 
ratio 


(b) mechanical advantage is equal to velocity ratio 


(c) mechanical advantage is less than velocity ratio 

(d) mechanical advantage is unity 

(e) none of the above. 

In ideal machines 

(a) mechanical advantage is greater than velocity 
ratio 

(b) mechanical advantage is equal to velocity ratio 

(c) mechanical advantage is less than velocity ratio 

(d) mechanical advantage is unity 

(e) none of the above. 

The velocity ratio in case of an inclined plane inclined 


at angle 9 to horizontal and weight being pulled up 
the inclined plane by vertical effort is 


133. 


134. 


135. 


136. 


137. 


138. 


139. 


140. 





ae 


MECHANICAL Elope 











1 
(a) sin @ i sin @ 
(c) f (d) tan 9 
os 8 
(e) : 
= tan 0 


When P is the effort and W is the loaq th 


law of machines is given by the relation en lings | 
(a)W=mP +c (6) W=mP-_, 
(c)P=mW-c (d)P=mW +e 

(e) P =c -mW 


where m and c are constants. 
In a simple screw Jack the pitch of the Screw į 


mm and the length of the handle operating the Serey | 
is 45 cm, then the velocity ratio of system wi) be | 











(c) 314 (d) 15.7 
(e) 31.4. 


The equation of the catenary in Cartesian form jg 


(a) y = c cosh — (©) y =c sinh = 


(e) y = cosh! = (d) y = c sinh“! is 
c c 


(e) none of the above. 

A cable with a uniformly distributed load per hori- 
zontal metre run will take the following shape 
(a) straight line (b) parabola 

(c) hyperbola (d) elliptical 

(e) part of a circle. 

If V be the vertical load at the support end and H 
the horizontal tension then the maximum tensionin 
the string is equal to 





(a) V+H o) == 
(c) JV +H (d) JV? + H? 
(e) YV? - H?. 


AA Te Daoa a ee ei ee ee 


Tension in a string is maximum at | 
(a) left support (b) right support | 
(c) mid way (d) quarter span | 
(e) three quarter span. | 
Whenever two elastic bodies collide with each othe" | 
the phenomenon of collision takes because the t" | 
bodies : 
(a) immediately, after collision come momen tar 
to rest e | 
(6) tend to compress each other till they r f 
compressed the maximum possible | 
(c) attempt to regain the original shape due W | 
elasticity 
(d) all of the above | 
(e) none of the above. 
In the given Figure, shows a ball in equil 9 
under the action of vertical and horizontal SUPP e 
and also supported by a string SG. Obvious” 


thei 


jbriv® 
5 
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141. 


142. 


143. 


144, 


á resultant of forces Ry, Ry and S will be p 


of W. The magnitudes R, R, and S will abrat 





(d) Ry= Ry = 0 and S = W 
(e) these can’t be determined definitely. 
A ball is resting on two planes OA and OB inclined 


at 30° and 45° respectively as shown in Figure. The 
reaction on plane OA will be 


30° 45° 


O 
(a) greater than on OB 
(b) less than on OB 
(c) equal to that on OB 
(d) will depend on weight and size of ball 
(e) none of the above. 
The minimum coefficient of friction between a sphere 
and inclined plane of 9, so that the sphere may roll 
without slipping is 


1 
(a) tan 8 (b) rA tan 9 
2 1 
isani — tan 8 
(c) 7 tan 6 (d) 7 
(e) = tan 0. 


A circular roller of weight W is 
hanging by a tie rod and resting 
against a smooth vertical wall as 
Shown in Figure. The tension in tie 
rod will be 

(a) equal to W 

(b) less than W 

(c) greater than W 

(d) data are insufficient to deter- 

mine it W 

(e) none of the above. 

The force induced in member AB due 
to load W in Figure given, will be 

(a) W cosec 0 (b) W sec 8 
(c) W tan @ (d) W cos ® 


(e) none of the above. 


O 


> 


LNA 





145. The force induced in string BC due to load W in above 


146. 


147. 


148. 


149. 


Figure will be 

(a) W cosec 0 

(c) W tan 8 

(e) none of the above. 
The force induced in string BC due to load W in 
Figure given below will be 

(a) W cosec 0 (b) W sec 0 


(c) W tan 0 (d) W cot 0 
(e) none of the above. 


(b) W sec 0 
(d) W cot 0 


N 
N 
X 
S 
N 
Ñ 
N 
Ñ 
Ñ 
N 
N 
N 
A 
X 
N 
Ñ 
x 
N 
N 
N 
X 
. 





The force induced in member AB due to load W in 
above Figure will be 

(a) W cosec 0 (b) W sec 8 

(c) W tan 6 (d) W cot 8 


(e) none of the above. 


44/7 


2) 


SEOSASSLAASAEL ALLL ELST 


© 
Oi 


Two identical rollers of equal weight are supported 
as shown in above Figure. The maximum reaction 
will occur at 

(a) point A 

(c) point C 

(e) data are insufficient. 
A chord ABC is attached at two points A and C on 
two vertical walls. A pulley B of infinitesimally small 
radius carries a load W and is free to roll without 
friction along the chord. Tension in AB compared to 
BC will be 

(a) greater 

(c) equal 

(e) none of the above. 


(b) point B 
(d) point D 


(b) lower 
(d) unpredictable 


150. In Figure, angle o compared to B will be 
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(c) along AB | 
re = dietale (d) normal to the surface at point of contact 
Aa (e) none of the above. 
(e) none of the above. ? 


151. A horizontal force F acts at hinge C of the bars of 





system shown in given Figure. A B 
The force induced in bar CD will be r4 
B C E 
45° 157. A lever AB is supported at hinge C and acteg NTE 
TE 
forces P and Q as shown in below Figure. Th, ey 
tion at C will be along á 
A D ) A G B 3 
f 
(a) F (b) V2F ) -o> N 
(c) F//2 (d) zero P Q | 
(e) none of the above. (a) direction of P (b) direction of Q | 
152. In above Figure, force induced in member AB will be (c) perpendicular to AB ! 
(a) F, tensile (b) F, compressive (d) pass through C and the point of intersection o | 
, ; the forces P and Q i 
(c) F/ V2 , tensile (d) F/ 2, compressive ey mone of the Doy: | 
(e) /2F, tensile. 158. A 60 kg man stands on the middle of a 20 kg ladder | 
153. In above Figure, force induced in member BD will as shown in below Figure. Reaction at A willbe | 
be B | 
(a) /2F, tensile (b) J2F, compressive | 
(c) F, tensile (d) F, compressive | 
(e) F/ V2, compressive. 3m 
154. Ahinged square ABCD with diagonal BD is subjected | 
to equal and opposite forces F at each corner as shown 60+20 
in Figure below. Forces induced in members AB, BC, kg y 
F F (a) 80 kg (b) 40 kg 
(c) 83.4 kg (d) 100 kg 


(e) none of the above. 


159. A prismatic bar AB of weight W and length/is hinged 
at A and supported at B as shown in below Figur 
Reaction at B will be 





F F 
(a) F, tension (b) F, compression 
(c) F/J2, tension - (d) F//2, compression 


(e) /2F, tension 
155. In above Figure, force induced in member BD will 





be 
(a) F, tension (b) F, compression 
(c) F/ J2, tension (d) F/V2, compression (a) W (b) W cos x 
(e) J2F, tension (c) W cos x (d) wW cos x 

156. A prismatic bar AB is supported at its end by a (e) 2W S 
smooth semi-circular trough as shown in below eee r slip irte 
Figure. and is lying in a vertical plane normal to the 160. A ladd er resting against a wall will “an he Jadde" 
axis of the trough. The reactions at point A and B spective of where man stands on it, if t 
will be acting makes an angle i -cal 
(a) horizontally (b) vertically (a) not greater than friction angle with ver™ 


(b) equal to friction angle with vertical 





ba 
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161. 


162. 
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(c) greater than friction angle with vertica] 
(d) any angle irrespective of friction angle 
(e) none of the above. 


A locomotive of weight W is pulled by a force P: 

equal to the total friction at the points of Ried 
and B. The vertical reaction R, and R, respectively 
will be 





(b) W/2 each 


ee eae e a Lae Pb 
2 2a 2 


A weight W is supported by the two cables as shown 
in given Figure. For what value of @ the tension in 
cable making angle 0 will be minimum 

(a) 30° (b) 60° 

(c) 45° (d) 0° 

(e) data insufficient for solution. 


Z 


oN /N80° 


/ 


163, A ladder AB weighing W kg is supported as shown 


in below Figure. The reaction at A will be 


B 


| 


164. 


gg. A man wishes 


(a) W kg (b) m kg 
2 

i less than W kg (d) more than W kg 

e) not possible to determine. 


A . 
ladder AB of weight W kg is supported as shown 


in Fi 
omy below. The reactions at A and B will be 








(a) W, W 
ww w 
(c) T (d) -z> 0 


(e) not possible to determine. 


165. The total friction that can be developed is 


(a) independent of the magnitude of the area of 
contact 

(b) proportional to the magnitude of the area of 
contact 

(c) proportional to square of area of contact 

(d) unpredictable 

(e) none of the above. 


166. For low velocities of sliding, the total friction that 


can be developed is 

(a) proportional to velocity 

(b) proportional to square of velocity 

(c) not dependent on velocity 

(d) practically independent of the velocity 
(e) none of the above. 


167. A rectangular block of width w and height A is rest- 


ing on a horizontal floor. It is to be avoided from over- 
turning when a horizontal pull acts at any height on 
the block. This will be possible when 


wW 
(a) F >H b) 7 <P 
w 
©! D zp" 


(e) none of the above. 
(u= coefficient of friction between block and ground) 
to slide a heavy block over a concrete 
At what angle (a) the rope should be 
he horizontal so that the man has to 
force to pull it, 

(b)a=9 


floor by a rope. 
inclined with t 
exert minimum 
(a)a>9 


(c) a<% : 
any angle irrespective of > o 
r ig the above. (> = angle of friction) 
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169. 


170. 


171. 


172. 


173. 


174. 


Two rectangular blocks of weight W each are ie 
nected by a flexible cord and rest upon a horizo 
and an inclined plane with the cord passing be” a 
pulley as shown in Figure below. If u is the ae ‘ 
cient of friction for all continuous surfaces, angle 
for motion of system to impede will be 





(a) tanO=p (b) tan 0/2 =u 
(c) tan 26= (d) tan 6 = 2u 
(e) tan 6 = p/2. 


A circular disc of weight W rolls down an inclined 
plane of inclination 9. If force of friction be F, then 
the total net force on the disc parallel to plane is 
equal to 


(a) W-F sin 0 (b) W sin 0- F 
(c) W cos 0 -F (d) F cos 0 - W 
(e) W tan 0 - F. 


A body of weight W is resting at a plane inclined at 
30° to the horizontal. If it is attached to a string 
making an angle of 60° with horizontal, find the ten- 
sion in the string, if the friction angle is 30° 

(a) zero (b) W/2 

(c) W (d) 2W 

(e) none of the above. 


Two weights of 2W and W are connected by an 
inextensible string and rest on two inclined planes, 
inclined at 30° and 60° respectively as shown in 
Figure. Angle « will be equal to 





(a) 30° (b) 60° 
(c) tan-! /3 (d) tan`! = 
(e) tan`! 2 


V3 


A body is resting on a plane inclined at angle of 30° 
to horizontal. What force would be required to slide 


it down, if the coefficient of friction between body 
and plane is 0.3 


(a) zero 
(e) 5 kg 
(d) would depend on weight of body 
(e) none of the above. 
Least force that starts a b 
an angle with the plane 
(a) equal to the angle of friction 


(b) 1 kg 


ody along a plane acts at 


175. 


176. 


177. 


178. 


179. 


180. 


MECHANICAL ENGIN 


ÈRI 
(b) little more than angle of friction N 


(c) little less than angle of friction 
(d) of zero degree 

(e) none of the above. 

A body weighing 100 kg falls vertically do 
cart weighing 200 kg moving at velocity V tse, Oat 
velocity of cart after falling of weight would te 
(a) V m/sec 

(b) more than V m/sec 
(c) less than V m/sec 
(d) unpredictable 

(e) none of the above. 
A weight W, on a smooth table is connected h 
cord passing over a smooth pulley to anoth 
W, which is free to move vertically as sho 
Figure. The tension in the cord will be 





y a ligh 
er Weight 
Win the | 





ote Se 
I ee er ne es a ee er ee te 


(a) W, (b) W, 
(c) W, + W, (d) aut 
i" _ 

Wi + Wo ' 
A wedge with included angle 9 is used to split logs. 


f 
If œ be the angle of friction between the wedge and | 
the log, the maximum value of 0 so that wedge will į 
remain embedded in log is equal to 

f 


(a) a (b) 2a 
(c) a/2 (d) J2a 
(e) a//2. 


In the Figure shows a hoisting apparatus in which | 
the spar AB 5 m long, is free to turn in a vertical 
plane through A and B and is fastened by a cable | 
BC 3 m long, to a point C, 6 m | 
vertically above. A weight of 1500 
kg is supported by a cable at B. 
Neglecting the weight of the spar 
and the cables, the force along AB 
will be 

(a) 1500 kg 

(6) 1250 kg 

(c) 1000 kg 

(d) 750 kg 

(e) 2000 kg. 


In the above Problem 178 force along BC will be 





(a) 1500 kg (b) 1250 kg 
(c) 1000 kg (d) 750 kg 
(e) 2000 kg. 


A weight of 500 kg is held on 
a smooth plane, inclined at 
30° to the horizontal by a force 
P acting 30° above the plane 
as shown in Figure, 
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181. 


182. 


183. 


184. 


185. 


186. 


187, 


The reaction of plane on the weight wil] be 
(a) 500 kg (b) 250 kg 

(c) 476 kg (d) 288 kg 

(e) none of the above. 

In Problem 180, the force P should be 

(a) 500 kg (b) 250 kg 

(c) 476 kg (d) 288 kg 

(e) none of the above. 

Problem 180, if the angl icti 6 
Ta eodd bi gle of friction be 30 
(a) 500 kg 
(c) 476 kg 
(e) none of the above. 
A uniform bar AB of weight 
100 kg is hinged at A to a 
vertical wall and held in 
horizontal position by a 
cord BC (as shown in the 
Figure). The tension in the 
cord BC will be 
(a) 100 kg (b) 50 kg 
(c) 200 kg (d) 150 kg 
(e) unpredictable. 

In above Problem 183 the reaction on the bar of the 
hinge at A will be 
(a) 100 kg 
(c) 200 kg 
(e) unpredictable. 
In the given figure shows a bar AB resting against 
smooth surfaces at A and B. The reaction at B will 
be in the direction 
(a) horizontal 
(b) vertical 
(c) along bar BA 
(d) inclined in a line 5 
joining point B and 
the point where 
forces R and W meet 7 
(e) unpredictable. 
If a body is transmitting 
torque T kgm at angular spee 
h.p. transmitted will be 
(a) TO (b) T/9 


(c) Z8 (d) T0/75 


, then 


(b) 250 kg 
(d) 288 kg 





(b) 50 kg 
(d) 50 kg 


d of 0 radians/sec, then 


(e) 75 TO. 

A conical pendulum consisting 
of a weight W suspended from 
a cord is made to rotate in a 
horizontal circle about a verti- 
cal axis with a constant angu- 
lar velocity of w rad/sec. Ten- 
sion in cord is equal to (as 
shown in Figure) 


(a) vy ee 
8 


Wilda 





CRORE 
8 O 


188. 


189. 


190. 


191. 


192. 


193. 





ERA 


(c) Wag 
8 2g 02 


(e) none of the above. 


In the given Figure shows a weight 
of 20 kg suspended at one end of 
cord and a force of 30 kg applied 
at other end of cord passing over a 
pulley. Neglecting weight of rope 
and pulley, tension in cord will be 


re 0 i (b) 20 kg 30 kg 

c g (d) 50 k 20kg k 
(e) 25 kg. - 
If in Problem 188, the force of 30 kg 

be replaced by a weight of 30 kg, then 

the tension in cord will be 

(a) 30 kg 

(b) 20 kg 

(c) 30 — 20 = 10 kg 

(d) 30 + 20 = 50 kg 


(e) 24 kg. 


If a body is transmitting torque T kg m at N rpm, then 
h.p. transmitted will be 








(a) TN i. 
15 
T, 
4500 75 
2n NT 
(e) , 
4500 


A freight car weighing 50,000 kg is moving with a 
velocity of 1 m/sec when it strikes a bumping post. If 
the draw bar spring on the car takes all of the com- 
pression, and the deflection is not to be more than 
10 cm, then scale of spring should be approximately 
equal to 

(a) 50 x 10t kg/cm (b) 100 x 104 kg/cm 

(c) 25 x 10* kg/cm (d) 250 x 104 kg/cm 

(e) not possible to determine. 

A barge is pulled by two tugboats as shown in Figure. 
The resultant of the forces exerted by the 


Tug Boat - 1 





Tug Boat - 2 


tugboats is 1000 kg force. What will be the value of 9 
so that tension in rope 2 is minimum ? 


(a) 30° ed 
(c) 60° al 
(e) 90° 


ad on a frictionless inclined plane 


ws alo 
Figure sil le a to horizontal is to 


of 0, A force F inclined at ang 
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195. 


196. 


197. 


198. 


199. 


200. 


201. 


quilibrium. The 


be applied to maintain the load in e 
value of a for F to be minimum 1S 


a 
F 
0 
(a) 6 (b) 90° -8 
(c) 0 (d) 0/2 


(e) data are inadequate for solution. 

If a mass of 20 kg falling from a height of 1.0 m from 
rest is brought to rest by penetrating into sand by 1m 
then average resistance offered by sand is 


(a) 100 kg (b) 110 kg 
(c) 150 kg (d) 200 kg 
(e) 50 kg. 


A body weighing 1000 kg falls 8 cm and strikes a 
500 kg/cm spring. The deformation of spring will be 
(a) 8cm (b) 4 cm 

(c) 16 cm (d) 2 cm 

(e) not possible to determine. 

An elevator weighing 1000 kg attains an upward 
velocity of 4 m/sec in two sec with uniform accelera- 
tion. The tension in the supporting cables will be 


(a) 1000 kg (b) 800 kg 

(c) 1200 kg (d) 2000 kg 

(e) not possible to determine. 

If in the above Problem, 196, the tension be reduced 


so that the elevator comes to rest in a distance of 2 
m, then tension in the cable will be 


(a) 1000 kg (b) 500 kg 

(c) 0 kg (d) 590 kg 

(e) not possible to determine. 

Which of the following is the unit of energy ? 

(a) jouls (b) N-m 

(c) electron-volt (d) all of the above 

(e) none of the above. 

A 13 m ladder is placed against a smooth vertical 
wall with its lower end 5 m from the wall. What 


should be the coefficient of friction between ladder 
and floor so that it remains in equilibrium 


(a) 0.1 (b) 0.15 
(c) 0.2 (d) 0.21 
(e) 0.22. 


The tension in the cable supporting a lift is m 
when the lift is ore 


(a) moving downwards with uniform velocity 

(6) moving upwards with uniform velocity 

(c) stationary 

(d) moving upwards with acceleration 

(e) moving downwards with uniform velocity. 

If the tension in the cable supporting the lift moving 


upwards is twice the tension when the lift ; j 
1S movi 
downwards, the acceleration of the lift is equal ai 
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MECHANICAL ¢ 


(b) & 
(a) > 3 

(d) È 
(c) ž } 5 
(e) g. 


When a body slides down an inclined A g) 
acceleration (f) of the body is given by 

(a) f =g (6) f=g sing 
(c) f=g cos 9 (d) f=g tang 
(e) f= g/sin 0. 
A particle while sliding down a smooth plane l 
19.86 V2 m length acquires a velocity of 19.86 aie i 
The inclination of plane is tf 
(a) 30° (b) 45° 
(c) 60° (d) 75° 
(e) none of the above. ; 
A man wishes to move a block of size 2 mx}, 
weighing 100 kg. Coefficient of friction between blak È 
and floor is 0.3. How he can move it with least effo) | 
(a) slide along ground by pushing 
(b) tip it over 

(c) it is not possible to move it 

(d) pull it 

(e) none of the above. 

The product of mass and velocity is known as 


Urface th J 
}) k 3 


(a) work (b) moment 
(c) impulse (d) momentum 
(e) power. 


For a machine to be self-locking, its efficiency should | 
be 


(a) 100% 

(c) less than 50% 

(e) none of the above. | 
Efficiency of a screw jack with helix angle 0 and | 
efficient of friction u is equal to 


(b) less than 67% 
(d) more than 50% 





gy ene (b) tan (a +9) | 
tan (a — 6) tan o 
(c) tan (a — 6) (d) tan a 
tan Q tan (a + 9) 
(e) tan o 


tan a+ tan o 


~ i 
The efficiency of a screw jack is maximum 4 
helix angle o is equal to 


(a) 45° — 9/2 (b) 45° + o/2 
(c) 224° + o/2 (d) 90° — 6 
(e) 45° — ọ/4. 


. ic 
Maximum efficiency of a screw jack for angle offr 
tion ọ is 


(a) 4+ sin 9» (b) 1-sin > 
-sin ọ 1+ sin 6 

(c) Asin g a Sind 
sin ọ 1+sin > 


(e) none of the above. 
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214. 


215. 


216. 


217. 


218, 


219, 


ECHANICS 


The velocity of a mass of 5 kg after falling a height 


af 5 m from rest would be approximately equal to 
(a) 5 m/sec (b) 10 m/sec 
(c) 25 m/sec (d) 50 m/sec 


(e) unpredictable. 


A pody whose true weight is 14 gm appeared to weigh 
3 when weighed by means of a spring balance 
in a moving lift. What was the acceleration of lift at 


that time 


(a) 1 m/sec? (6) 0.7 m/sec? 
(c) 0.5 m/sec” (d) 0.4 m/sec? 
(e) 0.35 m/sec’. 


A ball is thrown up. The sum of kinetic and poten- 
tial energies will be maximum at 

(a) ground (b) highest point 

(c) in the centre while going up 

(d) at all the points 

(e) in the centre while coming down. 

The values of acceleration due to gravity at two places 
A and B is g, and g,. The weight of body when car- 
ried from A to B will be multiplied by 


(a) 22 (b) £2 
82 81 
(c) |E (d) j2 
81 &1 
(e) 1- £2 
81 


Energy is defined as 

(a) rate of doing work (b) capacity of doing work 
(c) power of doing work (d) all of the above 

(e) none of the above. 

Moment of inertia of a body does not depend upon 
(a) angular velocity of body 

(b) mass of the body 

(c) distribution of mass in the body 

(d) axis of rotation of the body 

(e) depends on all the above. 

Power is defined as 

(a) rate of doing work 
(c) power of doing work 
(e) none of the above. 


(b) capacity of doing work 
(d) all of the above 


nciple of conservation 


A jet engine works on the pri 
of 
(a) energy (b) mass 


(c) angular momentum (d) linear momentum 


(e) none of the above. 
A wound watch spring possesses energy st 
the form of 

(a) kinetic energy 
(c) mechanical potential energy 

(d) mechanical kinetic energy 

(e) both potential and kinetic energy. 
Work is equal to 
(a) force x velocity 


ored in 


(b) potential energy 


(b) force x time 





220. 


221. 


222. 


223. 


224. 


225. 


226. 


227. 


311 





(c) force x distance 

(e) mass x velocity 

When a horse pulls a cart, he moves forward by the 

force 

(a) exerted on him by the cart 

(6) he exerts on the cart 

(c) he exerts on the ground 

(d) exerted on him by the ground 

(e) none of the above. 

A rubber ball strikes a wall and rebounds. A lead 

ball of the same mass and velocity strikes the same 

wall and falls down. Which of the following state- 

ments is correct ? 

(a) both undergo an equal change in momentum 

(b) the momentum of rubber ball is less than that of 
lead ball 

(c) the change in momentum suffered by lead ball is 
less than that of rubber ball 

(d) behaviour of lead ball and rubber ball is 
unpredictable 

(e) none of the above. 

A ball will cover maximum distance when it is kicked 

at a certain angle to the horizontal. This angle is 


(d) mass x acceleration 


(a) 0° (b) 30° 
(c) 45° (d) 90° 
(e) 60°. 


An elastic rod, 1 m long of negligible weight hangs 
downward from a support. In one case a load is ap- 
plied on rod, 20 cm below the support and in other 
case the same load is applied at bottom of rod. The 
reactions at supports in these two cases will be 

(a) more in first case (b) same 

(c) more in second case 

(d) data are not sufficient to determine the same 
(e) none of the above. 

The S.I. unit of pressure is 

(a) newton metre square (b) newton metre 

(c) newton per metre square or pascal 

(d) newton per metre 

(e) newton per cm square. 

One newton is equal to 
(a) 10’ dyne 

(c) 104 dyne 

(e) 10? dyne. 

The angular velocity of a particle changes from 69 to 
71 rpm in 30 secs. Its angular acceleration in rev/min 


(b) 10° dyne 
(d) 10° dyne 


is equal to 
(a) 1 (b) 2 
(c) 4 (d) 8 


(e) none of the above. 

If u} and u, are the velocities of approach of two 
moving bodies in the same direction and their corre- 
sponding velocities of separation are v} and v, then, 
as per N ewton’s law of collision of elastic bodies, the 


coefficient of restitution ʻe is given by 


s Ug — U 

pL: Cae i (b) e = 2 —+ 
(a)e= 

Uy, — Us Vi — U2 
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he rae 
“i= Uy gerd 
(e) none of the above. 
Momentum is defined as 
(a) force x distance 

(c) mass x time 

(e) force x time. 

Which of the following have same units ? 

(a) momentum and impulse 

(b) stress and pressure 

(c) work and kinetic energy 

(d) kinetic energy and potential energy 

(e) all of the above. 

For perfectly elastic bodies, the value of the coeffi- 
cient of restitution is 
(a) zero 

(c) 1.0 

(e) all of the above. 
A body moves down a smooth inclined plane and if 
same body is dropped vertically down from the same 
height as of inclined plane top, then following 
parameters on reaching the ground will be same 
(a) velocity (6) momentum 

(c) kinetic energy (d) all of the above 

(e) time. 

Rate of change of momentum is proportional to the 
(a) displacement (b) velocity 

(c) acceleration (d) impressed force 

(e) initial momentum. 

A ball of mass 1 kg moving with a velocity of 2 m/sec 
collides directly on a stationary ball of mass 2 kg 
and comes to rest after impact. The velocity of the 
second ball after impact will be 

(a) zero (6) 0.5 m/sec 

(c) 1.0 m/sec (d) 2.0 m/sec 

(e) none of the above. 
The units of momentum are same as of 





(c)e = 


(b) mass x acceleration 
(d) mass x velocity 


(b) 0.5 
(d) between 0 and 1 


(a) work (b) energy 
(c) force (d) impulse 
(e) inertia. 


A ball weighing W kg strikes the ground at angle a 
as shown in Figure and is deflected at angle B. The 
coefficient of restitution will be 











B 
ie) oe œ) w tan B 
tan tan q 
tan o tan B 
(c) W d 
tan B (d) tan o 


(e) 1 — tan a tan f. 
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242. 
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Impulse is defined as 
(a) mass Xx velocity 

(c) mass acceleration 
(e) mass x time. | 
The masses of two balls are in the ratio ste. 


(b) force x time 
(d) force x distanc, 


their respective velocities are in the ratio of 1. ott 
in the opposite direction before impact. If the by | 
0 


itution is +, the velocit; “th | 
cient of restitution 1s >, Cities of sp 


Parat; 
of the balls will be equal to ation 


(a) original velocity in the same direction 

(b) half the original velocity in the same dire 

(c) half the original velocity in the Opposit 
tion 

(d) original velocity in the opposite direction 

(e) none of the above. 

The work done by a body in moving down a smo 

inclined plane in comparison to being dropped vert. 

cally downwards from same height will be 

(a) more (b) less 

(c) equal (d) zero in both cases 

(e) depends on slope of inclined plane. 

A body of mass m moving with a constant velocity y 

hits another body of same mass at rest and sticks ty 

it. The velocity of both together will be equal to 

(a) v (b) zero 

(c) 2v (d) v/2 

(e) unpredictable. 

A marble ball is rolled on a smooth floor of a room to 

hit a wall. If the time taken by the ball in returning 

to the point of projection is twice the time taken in 

reaching the wall, the coefficient of restitution 

between the ball and the wall is 

(a) 0.25 (b) 0.50 

(c) 0.75 (d) 1.0 

(e) none of the above. 

Rate of change of momentum takes place in the 

direction 

(a) of motion (b) of applied force 

(c) opposite to the direction of applied force 

(d) perpendicular to the direction of motion 

(e) of an angle to applied force at resultant of 
applied force and inertia force. 


If the momentum of a given body is doubled, 'ts 
kinetic energy will 

(a) increase by 2 times 
(c) remain same 

(e) reduce to one fourth. 


If a ball which is dropped from a height of 2.25 ™ yi 
a smooth floor attains the height of bounce equal s 
1.00 m, the coefficient of the restitution betwee"! 
ball and the floor is equal to 


ction 
e direg, 


(b) increase by four times 
(d) get halved 


(a) 0.25 (b) 0.50 
(c) 0.67 (d) 0.33 
(e) 0.75. 


ges 
A ball moving with a velocity of 5 m per sec MP 
ona fixed plane at an angle of 45°, its direction a i 
impact is equally inclined to the line of impa™ 
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coefficient of restitution is 0.5, the velocity of the bal] 
after impact will be 


(a) 0.5 m/sec (b) 1.5 m/sec 
(c) 2.5 m/sec (d) 3.5 m/sec 
(e) 4.5 m/sec. 


Pick up the correct statement from the following : A 
rubber ball when strikes a wall rebounds but a lead 
ball of same mass and velocity when strikes the same 
wall falls down 
(a) both undergo an equal change in momentum 
(b) the change in momentum suffered by lead ball is 
less than that of rubber ball 
(c) the momentum of rubber ball is less than that of 
lead ball 
(d) all of the above (e) none of the above. 
Two pieces of steel and brass weighing 2 kg and 1 kg 
fall freely under action of gravity from a tower. After 
a distance, the following will be identical 
(a) acceleration (b) momentum 
(c) kinetic energy (d) potential energy 
(e) total energy. 
If a solid and a hollow sphere of the same mass are 
allowed to roll down an inclined plane simulta- 
neously, then 
(a) solid sphere will reach the ground first 
(b) hollow sphere will reach the ground first 
(c) both will reach the ground at the same time 
(d) unpredictable (e) none of the above. 
If a light and a heavy body have equal kinetic en- 
ergy of translation, then 
(a) lighter body will have smaller momentum 
(b) heavy body will have smaller momentum 
(c) both will have same momentum 
(d) which one has greater momentum will depend 
on other factors 
(e) unpredictable. 
Pick up the correct statement from the following | 
(a) the kinetic energy of a body before impact 1s 
equal to the kinetic energy of the body after 
impact 
(b) the kinetic energy of a body before impact is less 
than the kinetic energy of the body after impact 
(c) the kinetic energy of the body before impact 1s 
more than that after impact 
(d) the kinetic energy of the body remains constant 
(e) none of the above. 
Periodic time of a particle moving with simp le har- 
monic motion is the time taken by the particle for 
(a) half oscillation (b) quarter oscillation 
(c) complete oscillation (d) two oscillation 
(e) none of the above. 


If a particle moves in a circle of radius T with a 
velocity v, then its acceleration towards the centre 
18 equal to 

@avxr (b) vir 

(c) v? x (d) v2/r 

(e) y2/p2, 
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The value of acceleration due to gravity at poles as 

compared to at equator is 

(a) greater 

(c) same 

(d)may be lesser or greater depending upon 
latitude 

(e) unpredictable. 

Periodic time of a body moving with simple harmonic 

motion is 

(a) directly proportional to its angular velocity 

(b) directly proportional to the square of its angular 
velocity 

(c) inversely proportional to the square of its 
angular velocity 

(d) inversely proportional to its angular velocity 

(e) none of the above. 

If a particle moves along the circumference of a circle 

of radius ‘’ with a uniform angular velocity œ radi- 

ans/sec, the equation for the velocity of the particle 

is given by 


(b) lesser 


(a) v= @yy? -r? (b)u=@Jy-r 
(e) v = oyr? -y (d) v = oyr? +y” 


(e) none of the above. 

where, y is the projection of point on diameter. 

Pick up an incorrect statement from the following in 

a simple harmonic motion 

(a) the velocity is maximum at its mean position 

(b) the velocity is minimum at the end of the stroke 

(c) the acceleration is minimum at the end of the 
stroke 

(d) the acceleration is zero at the mean position 

(e) none of the above. 

For a particle moving with a simple harmonic 

motion the frequency is 

(a) directly proportional to periodic time 

(b) inversely proportional to periodic time 

(c) inversely proportional to its angular velocity 

(d) directly proportional to its angular velocity 

(e) none of the above. 

In simple harmonic motion, acceleration of a par- 

ticle is proportional to 

(a) rate of change of velocity 

(b) displacement (c) velocity 

(d) direction (e) square of velocity. 

The force which produces an acceleration of 1 m/sec? 


in a mass of 1 kg is known as 

(a) kg (b) kgm 
(c) Newton (d) Joule 
(e) Erg. 

One joule is equal to 

(a) 10? erg (b) 10’ erg 
(c) 10° erg (d) 104 erg 
(e) 10° erg. 

Joule is the unit of 

(a) force (b) work 
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(d) energy 


(c) power 
(e) none of the above. 
A body of mass M falling freely under th 
gravity has following weight 


e action of 


(a)M (b) M/2 
(c) M -gM (d) M +gM 
(e) zero. 


Which one is a unit of time 

(a) half year (b) angstrom 

(c) light year (d) micron 

(e) none of the above. 

The principle of conservation of energy can’t be ap- 
plied in the following case 

(a) body sliding down a rough inclined plane 

(b) simple pendulum 

(c) flow through a venturi tube 

(d) a particle moving in a gravitational field 

(e) a particle executing SHM. 

A body of mass m moving with a constant velocity v 
hits another body of the same mass moving with the 
same velocity v but in opposite direction and sticks 
to it, then the velocity of the compound body after 
collision is 


(a) zero (b) v/2 

(c) 4v (d) 2v 

(e) v. 

A body is thrown vertically upwards with a velocity 
of 980 cm/sec then the time the body will take to 
reach the ground will be 

(a) 1 sec (b) 2 sec 

(c) 2.5 sec (d) 4 sec 

(e) 5 sec. 

A body is thrown vertically upwards from the ground 
with a speed of 980 cm/sec. It will rise to a height of 
(a) 980 cm (b) 490 cm 

(c) 49 cm (d) 10 cm 


(e) none of the above. 


A body starting with initial velocity zero, moves in 
straight line as per law s = 2t? — t? — 2 (s = distance, 
t = time). The acceleration of particle after 1 sec will 
be 


(a) 8 m/sec? (b) 9 m/sec? 
(c) 10 m/sec? (d) 5 m/sec? 
(e) 3 m/sec”. 


A stone falls from the top of a building 200 m high 
and at the same time another is projected vertically 
upwards with a velocity of 50 m/sec, then the two 
will meet 


(a) after 1 sec 
(c) after 4 sec 
(e) after 10 sec. 
A ball is dropped vertically downward from the top 
of a building and another one is thrown horizontally. 
Which will strike ground first 

(a) one dropped vertically 

(6) one thrown horizontally 

(c) both will strike simultaneously 


(b) after 2 sec 
(d) after 5 sec 


270. 


271. 


272. 


273. 


274. 


275. 


276. 


277. 
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(d) it will depend on their mass 

(e) it will depend on resistance of air 

A rubber ball is dropped from a height p 

To what height will it rise if there An 

velocity after rebounding s 

(a) 4 metres 

(c) 2 metres 

(e) none of the above. 

A 6 m long rope of weight 0.5 kg/m is ha 

from a support. The work done in lifting DEA 

upto the support point will be ter, 

(a) 6 kg m (b) 3 kg m 

(c) 9 kg m (d) 12kg m | 
| 





‘ite, 
no lias y 


(b) 3 Metres 
(d) 1 metre 


(e) 18 kg m. | 
A boatman rowing his boat at normal speej, 
12 minutes to cover 2 kilometers downstrea,, ., | 


~~ 
1 
Me 


aM, miz 


rowing up stream at the same speed he bia 7 
minutes to cover the same distance. The nore; | 
speed of the boat is - 
(a) 2 kilometres/hour 
(c) 6 kilometres/hour 
(e) 10 kilometres/hour. | 
A car is moving with a velocity of 60 km/hr and ps | 
sesses energy of 5 x 10° joules. The mass of car = 
be | 
(a) 3000 kg 

(c) 500 kg 

(e) none of the above. 


(b) 4 kilometres/hoy; | 
(d) 8 kilometres/boy | 


(b) 1800 kg 
(d) 250 kg 
A stone is whirled in a vertical circle. The tension £ 
the string is greatest when the stone is 

(a) in the lowest position 

(6) in the highest position 

(c) in the position when the string is horizontal 
(d) tension is equal in all positions 

(e) in none of the above positions. 

The weight of an object would be minimum whe" | 
is placed 
(a) at north/south pole (b) at hill | 
(c) at equator | 
(d) at the centre of the earth | 
(e) at sea level. i | 
A 10 cm diameter wheel is rotating at 420 p> g 
angular speed in radians/sec is equal to 


‘ 
g 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 











(a) 42 (b) 84 
(c) 44 (d) 420 
(e) 210. 
Centripetal force is given by 
1 1 Ta 
(a) — mv? —m— 
- mv (b) 5 m 7 
2 
(j= (d) = 
r P 
2 
Gy y 
r2 strink” 
A stone tied to the end of a 20 cm long got | 


tan 


mes 
atio? 


whirled in a horizontal circle with a cons 
lar speed. If the centripetal acce EP 
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9g0 cm per sec”, then its angular speed wil] be 

(a) 98 radians/sec (b) 49 radians/sec 

(c) 14 radians/sec (d) 7 radians/see 

(e) 3.5 radians/sec. 

A stone is whirled in a vertical circle, the tension in 
the string is greatest 

(a) when the string is horizontal 

(b) when the stone is at the highest position 

(c) when the stone is at the lowest position 

(d) at all the positions (e) none of the above. 

The apparent weight of a man in moving lift is less 
than his real weight when it is going down with 

(a) uniform speed (b) an acceleration 

(c) some linear momentum 

(d) retardation 

(e) none of the above. 

A partially filled tank is being carried on a truck 


moving with constant acceleration. The water level 
of free surface in tank 


(a) will remain horizontal 
(b) fluctuate 

(c) move up in front and down in back 
(d) move up in back and move down in front 

(e) move up in centre and down in front and back. 
When a body falls freely under gravitational force, 
it possesses 

(a) maximum weight 

(b) minimum weight 

(c) no weight 

(d) no effect on its weight 

(e) a weight depending upon the velocity. 

The first law of motion provides the definition of 
(a) momentum (b) force 

(c) acceleration (d) energy 

(e) none of the above. 

When the spring of a watch is wound it will possess 
(a) heat energy (b) kinetic energy 

(c) potential energy (d) wound energy 

(e) both potential and kinetic energy. 

A body is moving with a constant speed of 10 m/sec 
in acircle of radius 10 cm, then its angular accelera- 
tion will be 

(a) zero 

(c) 1 radian/sec? 

(e) 100 radians/sec?. 
A jet engine works on the principle of 

(a) conservation of energy 

(b) conservation of linear momentum 

(c) earth’s gravity 

(d) gravitational energy 

(e) none of the above. l 
Which ofthe following remains constant during 
ot a projectile ? 

(a) angle of projectile 

b) horizontal component of velocity 

(c) vertical component of velocity 


(b) 0.1 radian/sec” 
(d) 10 radians/sec” 


flight 


288. 


289. 


290. 


291. 


292. 


293. 


294. 


295. 


296. 


(d) sum of its kinetic energy and potential energy 
(e) momentum. 


ee is thrown up at an angle of 45° with a velocity 
O 0 m/sec so as to describe a parabola. Its velocity 
on point of return down will be 


(a) zero (b) 130 m/sec 


(c) 50 m/sec (d) qor m/sec 


J2 
(e) unpredictable. 
The escape velocity in relation to orbital velocity is 
(b) J2 times 


(d) 2 times 


(a) same 


(c) -T times 


(e) 2 time. 
p 


The velocity of a satellite in order that it remains in 

a particular orbit, depends upon 

(a) mass of the satellite 

(b) initial velocity of projection 

(c) distance of satellite from the centre of earth 

(d) inclination of the plane of the orbit with 
equatorial plane 

(e) all of the above. 

A satellite is kept on moving in its orbit around the 

earth due to 

(a) centrifugal force 

(b) centripetal force 

(c) gravitational force 

(d) resultant forces acting on sattelite 

(e) some other force. 

What will happen to the time period of a simple pen- 

dulum bob when it is made to oscillate in water ? 

(a) time period will remain same 

(b) time period will decrease 

(c) time period will increase 

(d) unpredictable 

(e) none of the above statement is correct. 

An object weights 60 gm in air, 50 gm in water and 

40 gm in oil. Then the specific gravity of the oil will 


(a) 0.25 (b) 1.00 
(c) 1.50 (d) 2.00 
(e) 4.00. 


A projectile fired at 45° attains a maximum height 
of 40 m. Its range will be 
(a) 20 m 
(c) 80 m 


(e) 240 m. T 
Which of the following pairs of physical quantities 


have identical dimension ? 


(a) Momentum and impulse 
(c) Torque and energy 


(b) 40 m 
(d) 160 m 


b) Work and energy 

7 all of the above (e) none of the above. 

The order of magnitude of gravitational constant in 
MKS system is 

10 (b) 10-19 
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303. 
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(e) 10-18 (d) 10-** 

(e) 10-29, 
The moment of inertia does not depend upon 

(a) the angular velocity of the body 

(b) the mass of the body 

(c) the distribution of mass in the body 

(d) the axis of rotation of the body 

(e) none of the above. 

A circular disc rolls down an inclined plane. The frac- 
tion ofits total energy associated with its rotation is 
(a) 1/2 (b) 1/3 

(c) 1/4 (d) 2/3 

(e) none of the above. 

The kinetic energy of a body rotating with an angu- 
lar speed œ depends on 

(a) œ only 

(b) w only 

(c) its mass only 

(d) the distribution of mass and angular speed 

(e) all of the above. 

Moment of Inertia of a rectangular lamina of mass 
M, length / and breadth b about an axis perpendicu- 


lar to its plane and passing through its centre of 
gravity is given by 














l? +b? 3 +53 

M 
(a) ( T ) a T 
I? +b P +b? 
© a r anf 5 | 





The velocity of the satellite in an orbit close to earth’s 
surface depends on 

(a) radius of the orbit only 

(b) acceleration due to gravity only 

(c) product of radius and acceleration due to gravity 
(d) product of radius and gravitational constant 

(e) none of the above. 

The force keeping the planets in a regular orbit is 
(a) electrostatic force (b) magnetic force 

(c) gravitational force (d) nuclear force 

(e) all of the above. 

A thief stole a box full of jewellery of W kg and while 
carrying it on his head jumped down from third 


storey of the building. Before he reached the ground, 
he experienced a load of 


(a) zero (b) infinite 

(c) less than W (d) greater that W 
(e) W/2. 

The escape velocity of a body on earth 


(a) increases with the increase of its mass 

(6) decreases with the increase of its mass 

(c) remains unchanged with variation of mass 
(d) varies as the square of the change in mass 
(e) varies as the square root of change in mass. 


305. 


306. 


307. 


308. 


309. 


310. 


311. 


312. 


MECHANICAL ENGI 


, EER 
A simple pendulum is set into oscillat 


of the pendulum comes to rest after șş 
to 

(a) friction of air (b) its mass 
(c) tension in the string (d) gravity 
(e) all of the above. 


The amplitude of a vibrating body git 
resisting medium 
(a) decrease exponentially with time 
(b) increases exponentially with time 
(c) decreases rapidly with time 
(d) remains constant with time 
(e) decreases linearly with time. 
A simple pendulum is vibrating in an ey, 
chamber. It will 
(a) oscillate forever with the same amplitude ani 
frequency 
(b) come to rest eventually 
(c) oscillate at the same frequency and amplitud 
will decrease with time 
(d) oscillate with the same amplitude and its | 
frequency will decrease with time 
(e) none of the above. 
A swinging pendulum eventually stops because its 
energy is 
(a) destroyed 
(6) converted to kinetic energy 
(c) converted to potential energy 
(d) converted to heat energy 
(e) all of the above. 
The length of a second’s pendulum on the surface 
earth is 1 metre. The length of second’s pendulum 
on the surface of moon, where, g is 1/6th of the value 
of g on the surface of earth, is 
(a) 1/6 metre (b) 6 metres 
(c) 1/36 metre (d) 36 metres 
(e) none of the above. 
The energy of a damped oscillator 
(a) decreases linearly with time 
(b) increases linearly with time 
(c) decreases exponentially with time 
(d) increases exponentially with time 
(e) remains constant with time. Jt 
A tunnel is dug through the earth from on “ole ig 
the opposite end along a diameter and a parti wil 
dropped at one end of the tunnel. The particle 
(a) come out of the other end 
(6) execute simple harmonic motion 
centre of the earth 
(c) immediately come to rest at the centre 
(d) stay at the point where it is dropped 
(e) unpredictable. 
The type of motion when the acceleration § p 
tional to displacement is called 
(a) translation (b) rotational . 
(c) gyroscopic (d) simple harmoni? 
(e) none of the above. 


long 7 
Ome time 4 : 
wf 


uated j, 
; 


Cuateg 


e 





Cen ee ep mee 


PEE AEE) RE He er NT OS ene new a. 


about w g 


rop’ 





Scanned by CamScanner 


se ~ ——— r —_— le A LALLA OL LLL LLL, Te 
or penn ne - pa~ 2 a a a a 


y 


g13. 


314. 


315. 


316. 


317, 


318, 


319, 


42 


gnen MECHANICS 
Ent 


s the acceleration of a vibrating particle exe 
imple harmonic motion increases, its time p 
(a) increases 

S 
(b) decrease 
(c) remains unchanged 
(d) first decreases and then increases 
(e) first increases and then decreases. 
A small metal ball is tied to a light string and is 
suspended inside a lift. The ball is set to oscillations. 
The period ofoscillations is maximum when the lift is 
(a) at rest 
(b) moving downward at a constant speed 
(c) moving upward at constant speed 
(d) moving downward with acceleration 
(e) moving upward with acceleration. 
Period of simple harmonic vertical oscillation of a 
loaded light spring 
(a) is independent of mass attached to the spring 
(b) increases with increase in mass attached to the 
spring 
(c) decreases with increase in the mass attached to 
the spring 


cuting 
eriod 


(d) increases with decrease in mass attached to the 
spring 

(e) none of the above. 

A boy is swinging on a swing. If another boy sits along 

with him without disturbing his motion, then the 

time period of swing will 

(a) increase 

(c) be doubled 

(e) is halved. 

If a projectile be fired at angle o with horizontal with 

initial velocity u, then time of flight is equal to 


(6) decrease 
(d) remain the same 


(a) 2u sin Q (b) u sin Q 
g 
(c) u sin Q d) 2u cos Q 
2g g 


(e) not possible to determine. Ea 
Horizontal range of a projectile fired with initial 
velocity u at angle a to horizontal is equal to 


(a) u” sin 20 (b) u” cos 20 cos 20 
& g 
2 J - 
(c) u cos (d) u’ sin Q 
8 & 


2: 9 
(e) + Sin” a 


The range of projectile is maximum when the angle 
ot Projection is 


(a) 45° (b) 30° 
=) GOP (d) 225° 
0, x none of the above. 


ime of flight of a projectile fired with velocity 4 ee 
angle of œ with horizontal on an upward incline 
one of B with horizontal is equal to 

2u sin (a — B)/g cos B 


321. 


322. 


323. 


324, 


325. 


326. 


327. 


328. 





(b) 2u? sin (a= a) cos a/g cos? B 

(c) 2u sin (q + B)/g cos B 

(d) 2u? sin (a + B) cos a/g cos? B 

(e) g cos B/2u sin (a + B). 

The range of projectile in above case is 
(a) 2u sin (a — Bg cos B 

(b) 2u? sin (a — B) cos a/g cos? B 

(c) 2u sin (a + B)/g cos B 

(d) 2u? sin (a + B) cos a/g cos? B 

(e) g cos B/2u sin (a + B). 


The direction of projectile for the range to be 


maximum on the inclined plane of 30° to horizontal 
should be 


(a) 30° with vertical 

(b) 45° with vertical 

(c) 60° with vertical 

(d) 30° with inclined plane 

(e) none of the above. 

Which of the following is not a scalar quantity ? 

(a) time (b) money 

(c) weight of a body (d) body’s mass 

(e) amount of work. 

Which of the following is an example of a body 

undergoing translational equilibrium ? 

(a) a body at rest on a table 

(b) a body travelling in a circular path at a constant 
speed 

(c) a body rotating with a constant angular speed 
about an axis 

(d) a body sliding down a frictionless inclined plane 

(e) a rock thrown vertically upward when it is at the 
top its path. 

The frequency of a vibrating string is 

(a) directly proportional to square of the tension 

(b) inversely proportional to square of the tension 

(c) inversely proportional to the diameter of the 
string 

(d) directly proportional to the square root of the 
mass per unit length 

(e) inversely proportional to the square root of the 
mass parameter for unit length. 

When two systems are in resonance, then the 

following parameter for both is equal 

(a) amplitude (b) wavelength 

(c) intensity (d) frequency 

(e) all of the above. 

If a system in equilibrium consists of six equal 

concurrent coplanar forces, each force acting in a 

different direction, then the angle between any pair 

of forces is 


30° (b) 45° 
a gg (d) 75° 
(e) 90° 


tement 

hoose the correct sta 
: ) no acceleration is produced in the body when it 
i moves with a constant speed along a circle 
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333. 


334. 


335. 


336. 


i j ith a 
(b) no work gets done on it when it moves W1 


constant speed along a circle 
(c) no force acts on the body when the body moves 
with a constant speed along a circle Bed 
(d) its velocity remains constant when be oay 
moves with a constant speed along a circle 
(e) none of the above. 
A bucket of water weighing 10 kg is pulled up from a 
well 20 metre deep by a rope weighing 1 kg/m length, 
then the work done is 
(a) 200 kg-m 
(c) 500 kg-m 
(e) none of the above. 
A ship will sink if it does not displace water equal to 
its own 
(a) volume 
(c) surface area 
(e) all of the above. 
If the momentum of a given particle is doubled then 
its kinetic energy will 
(a) be halved 
(c) be quadrupled 
(e) none of the above. 
The atmosphere of earth is retained due to 
(a) gravitational pull of earth 
(6) outer molecular attraction forces 
molecule 
(c) as a result of cohesion, adhesion, osmosis etc. 
(d) spherical shape of earth 
(e) mean speed of molecules being much less than 
the escape velocity. 
If two bodies, one light and other heavy, have equal 
kinetic energy, which one has a greater momentum 
(a) the heavy body (b) the light body 
(c) both have equal momentum 
(d) unpredictable 
(e) none of the above statement is correct. 


The sum of kinetic and potential energy of a falling 
body 


(a) is constant at all points 
(6) varies from point to point 
(c) is maximum at staring and goes on increasing 


(d)is maximum at starting and then goes on 
decreasing 


(e) is maximum at the end. 


A 100 kg weight falls 10 cm on a 10 kg/cm spring. 
The spring will deflect by 


(b) 400 kg-m 
(d) 600 kg-m 


(b) density 
(d) weight 


(b) be doubled 
(d) be same 


on the 


(a) 10 cm (b) 5 cm 
(c) 20 cm (d) 5 cm 
(e) 2.5 cm. 


Two railway wagons of masses 12 and 10 tonnes 
moving in the same direction at speeds 3 metres per 
second and 5 metres per second respectively collide 


ma then move together. Their common speed is given 
y 

(a) 3.91 m/sec (b) 2.75 m/sec 

(c) 2.2 m/sec 


(d) 4.5 m/sec 
(e) none of the above. 


TENTAN ENGI, 


337. A glass marble drops from a height of 3 me, 


338. 


339. 


340. 


34l. 


342. 


343. 


344 


345. 


346. 


a horizontal floor. If the coefficient of resti y, 
0.9, find the height to which it riseg after; : 
(a) 2.43 metre (b) 4.43 metre 
(c) 1.22 metre (d) 0.61 metre 
(e) none of the above. 


lOr | 
Aar 
5 


A body is fired from point P and strikes at Q nay 
"idg, 


smooth circular wall as shown 
in Figure. It rebounds to point 
S. Coefficient of restitution will 


(a) 0 

(b) 1 

(c) a 

(d) tan a 
(e) tan? a. 





The period of oscillation of a simple penduly, 


depends on 

(a) mass of bob 

(c) density of bob 
(e) all of the above. 
A body is vibrating at 10 vibrations/sec in SHy ,; 
10 cm amplitude. The maximum velocity in cm/s 
can be 


(b) radius of bob 
(d) its effective length 


(a) 100 x (6) 502 
(c) 200 x (d) 100 
(e) 200. 


Three perfectly elastic and similar balls are lying on 


' á . 





floor. When one is struck with velocity v, it strikes | 
second and onwards third. What will be their 


resultant velocity at end 


(a) v (6) v/2 
(c) v/3 (d) v/4 
(e) v/6. 


In order to double the period of simple pendulum 
(a) the mass of its bob should be doubled 

(6) the mass of its bob should be quadrupled 

(c) its length should be doubled 

(d) its length should be quadrupled 

(e) its length should be halved. 


The period of vibration of a pendulum is least at s& — 


level where the latitude is 

(a) 30° (b) 45° 

(c) 60° (d) 90° 

(e) all of the above 

Body executing SHM while passing through ™ ei 
position will have kinetic and potential energies * 
follows 

(a) maximum, minimum (b) minimum, maxim w 
(c) zero, maximum (d) maximum, maxi 
(e) average, averave. 

In seconds pendulum, the pendulum executes 

(a) one beat per second (b) two beats per se” 
(c) ten beats per second (d) half beat per s¢¢” 
(e) none of the above is correct. 


. ne 
In case of simple pendulum, the period a 
oscillation is given by 
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348. 


349. 


350. 


dol, 


352, 


353 


354, 


i A body in S.H.M. will have maximum velo 


(b) n 2l/g 
(d) 2n fl/2g 


(e) or jgll ' 


{n case of S.-H.M. the period of oscillation is given by 
20 _ 27 
(a) T — w (b) T = pm 
w T 
=— id) T= 
() T= on 
one 
(e) t = 90" 


In S.H.M. the acceleration is proportional to 

(a) displacement (b) velocity 

(c) time period 

(d) effective length of pendulum 

(e) mass of particle. 

In §.H.M. we have conservation of 

(a) kinetic energy (b) potential energy 
(c) momentum (d) total energy 

(e) all of the above. 

The motion of a particle, executing SHM, from one 
extremity to other constitutes 

(6) two oscillations 
(d) half an oscillation 


(a) one oscillation 

(c) four oscillations 

(e) quarter oscillation. 

Which one of the following laws is not applicable for 

a simple pendulum 

(a)the time period does not depend on its 
magnitude 

(b) the time period is proportional to its length (Z) 

(c) the time period is proportional to vi, 

(d) the time period is inversely proportional to JZ, 
where g is the acceleration due to gravity 

(e) none of the above. 

The value of acceleration due to gravity at moon is 

g/6, where, g is the value of acceleration due to 

gravity at earth. The value of frequency of oscillation 

of simple pendulum on moon as compared to earth 

will be 


(a) same (b) 6 times 
(c) 1/6 times (d) J6 times 
(e) 1/46 times. 


city when 


its amplitude is 


a) (b) — ve maximum 


(d) average 
) at mid value. 


The length of a Second’s pendulum is 
99.0 cm (b) 99.4 cm 
(€) 100 cm (d) 101 cm 

(e) 101.10 Sn. 





355. Acl j 
clock with a seconds pendulum is gaining 3 minutes 


356. 


397. 


358. 


359. 


360. 


361. 


a day. To make it to go correctly 

(a) length of the pendulum should be increased 

(b) length of the pendulum should be decreased 

(c) no change in the length of pendulum is required 
(d) mass of bob should be increased 

(e) mass of bob should be decreased. 

If G is gauge of the track, v is velocity of the moving 
vehicle, g is the acceleration due to gravity and r is 
the radius of the circular path, the amount of super 
elevation required to the outer rail is 





2 
r 2 
(a) gr b) Gr 
r gD 
Gr? 2 
OE TA 
guU gr 


(e) none of the above. 

A differential wheel and axle system consists of 

(a) one big diameter wheel and one axle 

(b)one big diameter wheel and two axles of 
different diameters 

(c)two big wheels and two axles of different 
diameters 

(d) two big wheels of different diameters and one 
axle 

(e) none of the above. 

If D be the diameter of wheel and D,, D, the 











diameters of two axes, then velocity ratio is equal to 
D 

(b) —— 

j D, - D, 2(D; — Də) 
2D 
jo d) 
D; = D, D; + Ds 
e) ————-. 

D; T D» 
In planetary motion, following parameter remains 
constant 


(a) angular velocity (b) linear velocity 


(c) angular acceleration 
(d) total angular momentum 


(e) angular speed. 
scape velocity on the surface of the earth is 


The e 
(a) 1 km/sec (b) 3.6 km/sec 
(c) 8.8 km/sec (d) 11.2 km/sec 


(e) 14.9 km/sec. 
The vehicle moving on a 


exert pressure such that | 
(a) the reaction on the outer wheels will be more 


(b) the reaction on the inner wheels will be more 
(c) the reaction on the inner as well as outer wheels 


will be equal 


(d) it depends upon the speed | 
(e) none of the above statement is correct. 


level circular path will 
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362. The maximum efficiency of a screw jack with square 
threads and friction angle of 30° can be 


(a) 100% (b) 50% 

(c) 33% (d) 30% 

(e) 11%. | 
363. A machine is said to be irreversible if its efficiency is 

(a) 100% (b) 0% 

(c) 50% (d) more than 50% 

(e) less than 50%. 


364. If/ is the span of a light suspension bridge whose 
each cable carries total weight (w) and the central 
dip is y, the horizontal pull at each support is 


wl 
(a) 4y (b) 8y 
(c) n (d) wl 
2y 
(e) u 


365. Pick up the incorrect statement from the following. 


In case of a suspension bridge if there is a rise in 
temperature 


(a) the dip of the cable will increase 
(b) the length of the cable will increase 


(c) the dip of the cable will decrease 
(d) all of the above 


(e) none of the above. 
366. The value of gravitation constant G is equal to 
(a) 6.66 x 10-8 (b) 6.66 x 10-3 
(c) 6.66 x 108 (d) 6.66 x 10-10 
(e) 6.66 x 10-11, 
367. If M be the mass of earth and R its radius then the 


intensity of gravitational field on the surface of the 
earth is 


GM 
(b) Re 





GR? 
(c) RI (d) M 


368. Ifthe speed of rotation of earth 
of the body will 


(a) increase 
(c) remain same 


(d) man increase/decrease de 
increase 
(e) unpredictable. 
369. Two cars are 10 


decreases, the weight 


(b) decrease 


pending on range of 


hat speed the other car is 








km/h movin 
(a) 75 r (b) 60 km sie. 8 
(e) 30 km/hr. pee 






MECHANICAL ENGH Ei 
EER 


370. A uniform, heavy rod AB of length 7, a N 
is hinged at A and tied to a weight W, by Weigh à. 
B. The massless string passes ove, s Ting 


' a frig; èa 
pulley (of negligible dimension) at C a ctio 


a iis S show Eag 
Figure. If the rod is in equilibrium at ho Nth, 
configuration, then "Zonta 
(a)W,=W 
(b) W, = W/2 
(c) W - Ja W 
(d) W, = W/V2. 

L 





371. A uniform boom AB, see in the given Figure, pinned 
at A is held by the cable BC in the position shown, 


ee nee 





If the tension in the cable is 200 kgf, then the jat 
of the boom and the reaction of the pin at A on 
boom are respectively 


(a) 300 kgf; 100/3 kgf, 30° 
(b) 400 kgf; 100/3 kgf, 60° 
(c) 300 kgf; 200/3 kgf, 30° 


(d) 400 kgf; 200/3 kgf, 60°. wni 
372. A weight W is supported by two cables as ee j 

the given Figure. The tension in the anA 0 

angle 6 will be the minimum when the valu 


| 
E 


fo 
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(6) 30° 
o (d) 60°. 
r of weight W is rolled over the wooden block 


the given Figure. The pull F required to 
the said motion is 


(6) W 
(d) 2W. 





A rolle 


(c) 13 W 


973: 


V 


In the given below in Figure, two bodies of masses 
m, and m, are connected by a light inextensible 
string passing over a smooth pulley. Mass m, lies on 
a smooth horizontal plane. When mass m, moves 
downwards, the acceleration of the two bodies is 


374. 





equal to 
Wi 
T 
; A 
T 
Od 
V1 
(a) 48 _ m/s? b) -2E m/s? 
mı + Mo my, — Mg 
-E (d) MIE m/s? 
mı + Mp mı — My 





375. A ball is projected vertically upward with a certain 
velocity. It takes 40 seconds for its upwards journey. 
The time taken for its downward journey is 
(a) 10s (b) 20s 
(c) 30s (d) 40s. 
376. Match List I with List II and select the correct 
answer using the codes given below the lists : 
List I List II 
A. Two parallel forces 1. Kinetic energy 
acting on a body, 
moving with uniform 
velocity. - 
2. Couple 
3. Forces in equilibrium 


B. A moving particle 


C. Two coplanar parallel 
forces equal in magni- 
tude and opposite in 
direction acting on a 
body 


D. Two unequal forces 
acting on a body 


4. Cause acceleration 


Codes: A B 6 D 
(a) 1 3 4 2 
(b) 3 2 1 4 
(c) 3 1 2 4 
(d) 3 4 1 2 


377. A spring of stiffness 1000 N/m is stretched initially 
by 10 cm from the undeformed position. The work 
required to stretch it by another 10 cm is 
(a) 5 Nm (b) 7 Nm 

(d) 15 Nm. 


(c) 10 Nm 





1. (6) 2. (e) 3, (b) 4. (a) 
Se 10. (b) 11. (d) 12. (d) 

17, (e) 18. (d) 19. (e) 20. (e) 
ae 26. (c) 27. (c) 28. (c) 
33.2) 34, (c) 35. (b) 36. (a) 

AL. (o) 42. (d) 43. (b) 44. (c) 

M0. d) 50. (a) 51. (a) 52. (a) 
57a) 5g, (d) 59. (d) 60. (b) 

ns, (o) 66. (a) 67. (d) 68. (a) 
E) 74. (d) 75. (c) 76. (e) 
SL gp.) 83. (a) 34, (b) 

“= in 90. (c) 91. (c) 92. (d) 
105 È 98. (a) 99. (b) 100. (d) 
lig 106. (c) 107. (b) 108. (b) 
R Das 114, (a) 115. (a) 116. (a) 
Ta 2 122. (b) 123. (a) — 124. (b) 


5. (b) 6. (e) 7. (d) 8. (d) 
13. (e) 14. (a) 15. (e) 16. (e) 
21. (b) 22. (e) 23. (e) 24. (c) 
29. (b) 30. (a) 31. (c) 32. (c) 
37. (c) 38. (d) 39. (e) 40. (a) 
45. (a) 46. (c) 47. (b) 48. (b) 
53. (b) 54. (c) 55. (a) 56. (b) 
61. (b) 62. (d) 63. (c) 64. (c) 
69. (d) 70. (d) 71. (a) 72. (d) 
77. (b) 78. (c) 79. (c) 80. (c) 
85. (b) 86. (c) 87. (b) 88. (c) 
93. (d) 94. (d) 95. (a) 96. (c) 

101. (a) 102. (a) 103. (a) 104. (c) 
109. (d) 110. (b) 111. (c) 112. (a) 
117. (a) 118. (b) 119. (d) 120. (b) 
125. (c) 126. (d) 127. (c) 128. (a) 
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135. (a 
. (c) 130. (c) 131. (b) 132. (a) 133. (d) si C 143. ( 7 oe (b) 
(d) 138. (c) 139. (d) 140. (e) 141. (a) i ii 44. () 
149. (c) 150. (c) - (d) 152, 
. (c) 146. (a) 147. (d) 148. (c) R 159. (d) : (a) 
. (b) 154. (c) 155. (b) 156. A = A 58. (d) 167. (c) k 7 
. (c 162. (a) 163. (d) 164. ( . ; -(b) 
169. A 170. (b) 171. (b) 172. (d) 173. (a) 174. a LTS, : 176. fe 
177. (b) 178. (b) 179. (d) 180. (d) 181. (c) 182. : AA re 184, (a) 
185. (d) 186. (d) 187. (a)* 188. (a) 189. (e)* 190. (d) cae 192, (o) 
193. (a) 194. (b) 195. (a) 196. (c)* 197. (d) 198. (d) oo s 200. (d) 
201. (b) 202. (b) 203. (b) 204. (b) 205. (d) 206. (c) . 208. (a) | 
209. (b) 210. (b) 211. (b) 212. (d) 213. (b) 214. (b) 215. (a) 216. (a) 
217. (d) 218. (c) 219. (c) 220. (c) 221. (c) 222. (c) 223. (b) 224.) 
225. (b) 226. (c) 227. (c) 228. (d) 229. (e) 230. (c) 231. (d) 232.0) 
233. (c) 234. (d) 235. (c) 236. (b) 237. (d) 238. (c) 239. (d) 240. (b) 
241. (b) 242. (b) 243. (c) 244, (c) 245. (b) 246. (a) 247. (a) 248, (a) 
249. (c) 250. (c) 251. (c) 252. (a) 253. (d) 254. (c) 255. (c) 256. (b) | 
257. (b) 258. (c) 259. (b) 260. (b) 261. (e) 262. (c) 263. (a) | 
265. (b) 266. (b) 267. (c) 268. (c) 269. (c) 270. (c) 271. (e) | 
273. (a) 274. (a) 275. (d) 276. (c) 277. (c) 278. (d) 279. (c) 
281. (d) 282. (c) 283. (b) 284. (c) 285. (a) 286. (b) 287. (b) 
289. (b) 290. (c) 291. (b) 292. (c) 293. (d) 294. (d) 295. (d) 
297. (a) 298. (b): 299. (d) 300. (a) 301. (c)* 302. (c) 303. (a) 
305. (a) 306. (a) 307. (a) 308. (d) 309. (a)* 310. (c) 311. (b) 
313. (c) 314. (d)* 315. (b) 316. (dř 317. (a) 318. (a) 319. (a) 
321. (b) 322. (e) 323. (c) 324. (a) 325. (e) 326. (d) 327. (c) 
329. (b) 330. (d) 331. (c) 332. (e) 333. (a) 334. (a) 335. (b) 
337. (a) 338. (e) 339. (d) 340. (c) 341. (c) 342. (d) 343. (d) 
345. (a) 346. (c) 347. (b) 348. (a) 349. (d) 350. (d) 351. (b) 
353. (c) 354. (b) 355. (a) 356. (d) 357. (b) 358. (c) 359. (d) 
361. (b) 362. (c) 363. (e) 364. (b) 365. (c) 366. (a) 367. (b) 
369. (d) 370. (d¥ 371. (dy 372. (b) 373. (c) 374. (a): 375. (d7 
377. (dř 
178 and 179. Fig. (a) shows the free body diagram for 1500 x5 | 
all the forces and Fig. (b) shows the force triangle = Fup = ——— = 1250 kg | 
for these. 6 | 
It will be noted that force triangle is similar to and Fac = = x3 = 750 kg 


A ABC shown in Fig. in the Prob. 178. 





dO 
180 and 181. Fig. (a) shows the force diagram ® 


F shows the free body diagram for the force’: 
BC 


Fac p N 
1500 kg 60° 
F Fag 150° 
1500 kg 500 kg 150° 
Free Body Di i W 
ody Viag. Force Triangle | . 
(a) (b) Free Body Diag. Force Body Diag: 
oh (a) (b) 00 
From similar triangles Fas _ Fro _ 1500 y . Be 
3 6 By Lami’s theorem, ima i lacie sinô 


sin 150° sin 150 





: = Indicates that explanatory note is given at the end 
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_ 500 x 82150" _ 5000 x sin 30° | 
p= sin 60° sin 60° 
500 x 1/2 _ 500 _ 500x 3 
— 43/2 x3 3 
= 500 x 1732 = 866 = 288 kg. 
3 3 
similarly N = 288 kg. 


nd 184. Weight of bar AB can be assumed to act at 
the mid point. Since the bar is in equilibrium 
under the action of three external forces, the lines of 
action of these forces must be concurrent. Fig. (a) 
shows the free body diagram of the bar and Fig. (b) 
shows the corresponding force triangle, which is equi- 
lateral triangle. 


183 


T 
és T 
100 
100 kg 
R 
Free Body Diag. Force A 


(a) (b) 
187. As the forces in the vertical direction must be 
balanced. 


T cos 8 = W 


Forces in the direction normal to the circular path of 
rotation are unbalanced such that 


Tini- gq = ope op Ising 
g g 
Pa” o 


& 
189. Unbalanced force = 30 — 20 = 10 kg. 
It acts on two weights so that 


10 = — xa 


and a =g/5 
20 kg weight is accelerated upward 


Tension = 20 kg + unbalanced force necessary to 
e it an upward acceleration of g/5 
= 20 + 20/g x g/5 = 24 kg. 
Work of spring = K.E. of car 


_ ( Resistance of spring in kg/ m) 
= | 2esistance of spring in kg/cm 
2 


giv 


191, 


x (Deflection of spring)? 


1 W R 
9 a =F xh 
50,000 
or bathed dated 2 _ 2 
981 x (100)? = R x 10 
or R- 500 x 104 


= 50 x 104 kg/cm. 
9.81 





195. 


196. 


198. 


199. 


298. 





Weight x Distance of free fall + Weight x Displament 
of spring (h) = Work of spring 


= Average force of spring x h? 
1000 x 8 + 1000 x h = 500 , }2 
2 
or 32 + 4h = h2 


or hê =h ~39 =H 
or (h-8)(h+4)=0 





or h=8cm 
or =—4cm 
Velocity = Acceleration x Time 
or 4 m/sec =a x 2 
and a= 2 m/sec? 
Tension in cable = — )= —~ (9.81 2) 
= 11810 Z 1200 k 
9.81 
(Final velocity)? = (Initial velocity)? + 2a x Distance 
or 0 =4?+2ax2 
or a = — 4 m/sec 


Tension in cable = wW (g + a) 
& 


= 1000 (9.81 — 4) 5810 _ 590 kg. 
9.81 981 


Vertical height of wall where the ladder rests is 


13° ~5? =12m. 


At vertical wall, only horizontal normal force (S) acts, 


and at ground, normal reaction R and frictional force 
F act. 


Fes 
and R = Weight of ladder (W) 


Taking moments about point on ground where ladder 
rests, 


Wx25=Sx12=Fx 12 


or F=25 w=oo1w 
12 
F F 
=—=— =0.2 
R W 


When the disc rolls down an inclined plane, apart 
from possessing translatory motion, it rotates about 


an axis passing through its centre of gravity and 
perpendicular to its plane. 


K.E. of rotation of the disc about this axis 
5 ESA -1 (ar? lop = A My? = 1m2. 
2 212 4 4 


I = M.I. of the disc about the said axis, 
M = mass of the disc, 

r = radius of the disc 

v = linear velocity of the disc, 

w= angular velocity of the disc. 


Here, 


K.E. of translation = 5 Mv?2 
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299. 


301. 


303. 


304. 
309. 


310. 


311. 


314. 


315. 


816. 


1 _ ETA. 
Total energy of the disc = - Mo? + = Mo? = 7Mv 
fraction of total energy associated with rotation 


_ 4Mv* 1 


3 Mv" 3 
As K.E. of rotation = i Io’, it depends upon I 


(moment of inertia) and w. Further, J depends upon 
the distribution of mass, apart from its dependence 
upon the mass and the position and direction of the 
axis of rotation. 

The velocity of satellite in an orbit close to the sur- 
face of the earth is given by 


V,= Jak 


It is due to the state of weightlessness during the 
time of free fall. 


The escape velocity depends upon the planet. 


The length of the second’s pendulum(T = 2 seconds) 
is given by 


L= £, z 2= an |= i iow 
n? g g 


Since the value of g on moon is sth of its value on 


earth, the length of the second’s pendulum on the 


surface of moon is =th of that on earth. 


A damped oscillator is one whose amplitude goes on 
decreasing. The energy of a harmonic oscillator is 
directly proportional to the square of its amplitude. 
Since the amplitude decreases exponentially, the 
energy will also decrease exponentially with time. 
When the body is dropped from one end of the tun- 
nel, it will be attracted towards the centre of the earth 
due to the gravitational force. Under the influence 
of this force, its velocity goes on increasing till it 
reaches the centre. At the centre its velocity is maxi- 
mum. This maximum velocity will take the body 
away from the centre towards the other end. But as 
it moves away from the centre, its velocity goes on 
decreasing as it is being attracted towards the 
centre of the earth. On reaching the other end, the 
velocity becomes zero and the body is again attracted 
towards the centre with increasing velocity. Thus the 
body executes S.H.M. about the centre of earth. 
When the lift is moving downwards, the apparent 
weight of the bob decreases and as also the effective 


value of g. Since T = 2n./1/ 8, with decrease in the 
effective value of g, T also increases (i.e,. it is maxi- 
mum out of all the given cases). 


The time period of a loaded light spring is given by 


T= an, 
k 


Obviously, as m increases, T also increases. 


The swing is like a simple pendulum whose time 


period is given by T = 2nJl/g , Which obviously is 


370. 


371. 


372. 


373. 


374. 


375. 


377. 


tn eet ENGINE, 

IN 
independent of the mass on the swing, T 7 Q 
another boys sits on the swing without dic Whey 
its motion, the mass on the swing increa Urh: 
time period remains unchanged. 


If T be tension in string BC and since it Passe, 


smooth pulley C, T = W,. Oe , 


Reaction at B is > 


W ia 1 
a mE gona HoE 
W2 W 
or mas oe 
W f 7 R 
sin 90° sin(90+60) sin (90+ 30) 
200x2 Rx2 


= L 
W =400 kgf and R= 20073 kgf 
and angle R makes with horizontal = 60°, 
T, should be minimum 
T _ tk 
sin 150° sin (90 + 6) 
= W W 
~ sin {180 — (60 +6)} sin (90+ 30-6) 
1 
sin (90 + 8) 








Since T, « , for T) to be least 6 should be 


minimum 


Also T, œ ey, Again for min. value of 
sin (90 + 30 — 0) 


T, 8 should be 30°. 


R cos 60° = W, or R = “_ = 2W 
V/2 


Also, R cos 30° = F, and F =2W x -Jav 


m,-T=m,xa 
Also, ma=T-m, 


From these equations, a = L 
my + Mə 
. e . . . n 
Time in upward journey is same as in dow 
journey. 


ward 


Initial stretch of spring is 10 cm 
Force in spring = 1000 x 0.1 = 100 N 
To further stretch it by 10 cm, new force will 
Work to stretch by 10 cm 
_ 100+ 200 
IOPE 


pe 200 
x 0.1 m = 15 Nm. 
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otal stress is the resultant internal force that resists 


n the size or shape of a body acted on by external 
e 


ces: . . ° 
for it stress or intensity of stress is the stress per unit 


U 


stress on a section is one that acts in a 


a 
ormal . e 
N dicular to section considered. 


rection perpen 
Ultimate stress is the ratio of the maximum load 
hat a specimen sustains to its original area of the cross- 


section. 
Strai 

length. 
According to Hooke’s law, a body acted on by external 


forces will deform in proportion to the stress developed as 
long as the unit stress does not exceed a certain value, known 


as proportional limit. 

Proportional limit is the highest unit stress at which 
the stress 1S proportional to deformation i.e., when curve 
between stress and deformation departs from a straight line. 


n is defined as the change in length per unit 


Elastic limit is the maximum unit stress to which a 
material may be subjected and still be able to return to its 
original form upon removal of stress. 

Yield point of a material is the unit stress at which 
the deformation first increases markedly without any 
increase in the applied load. It is always above the 
proportional limit. 

Ultimate strength is the highest unit stress it can 
sustain before rupturing. Breaking strength is the unit stress 
at which the material tested ruptures. M odulus of elasticity 
(E)in tension or compression is the constant which expresses 
the ratio of unit stress, to unit deformation for all values of 
unit stress not exceeding the proportional limit of material. 

Modulus of elasticity in shear is sometimes called the 
modulus of rigidity. 


Elongation of composite body 


A Elongation of a bar of varying cross-section A; Ag: 
“ty Hlengths 11, 09, lg, + -> ln respectively. 


él = E A a 
E | A, 
El i 
"ngation of a body due to self weight 
Elongation of a uniform rod of length 


n weight qr? = WE 
2 


Az; 


‘q? due to its 


Total extension produced in rod of length 7 due to its 


2 


owy We; 
“ight w per unit length is oot 


PART Il: STRENGTH OF MATERIALS 








Elongation of a tapered body 
Elongation of a tapering rod of length ‘L’ due to load 
oe 4PL 
~ nEDd 
where, d and D are the diameters of smaller and larger ends. 


Loads shared by the materials of a compound 
bar made of bars x and y due to load W. 





p WAR ope Ah 

x an 

A,E, + AE, y~ ALE, + AyEy 
PL 


Elongation of a compound bar = A.E, + AjEy 


Temperature stress =E .a.¢ 
where, E = Modulus of elasticity, 

a = coefficient of thermal expansion, and 
t = change in temperature. 

A bar made up of 2 or more different materials, rigidly 
fixed with each other and behaving as one unit as regards 
its loading is known as bar of composite section. 

Stress on a plane inclined through 6 to the cross- 
section carrying a load P 
s„ = P cos? 8 


. Psin 20 
Tangential stress $, = = 


Normal stress 


Stress on a plane inclined through 9 to the cross- 
section carrying load P; and also a load P, perpendicular 
to P,, 

P+P P-R 

Normal stress S, = a + as cos 20 


sin 20 
Tangential stress s$, = (P, — P3) a 





Resilience 
The strain energy stored in a specimen when strained 


within the elastic limit, is known as resilience. 


2 
S . 
Strain energy = 97 x volume where s is stress. 


Proof resilience 
The maximum energy stored at 


as proof resilience. 


elastic limit, is known 


s of resilience 
aa proof resilience per unit volume is known as 
modulus of resilience. If s, iS the stress due to gradually 

2 
. TP 8. 
applied load, then its value is 5p ` 
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Strain energy stored in a block of volume V, having 


2 
. Ss V 
modulus of rigidity G and subjected to shear stress $, 15 “5/4 ` 


1 . 
Poisson’s ratio (v) or = is the ratio of lateral unit 


deformation to linear unit deformation within the elastic 
Load (P) 


E m 


Bulk modulus (K) relates an increase of pressure or 
unit stress to the corresponding decrease in volume. 


Volumetric strain = 


Volumetric stress = 3 x linear strain 
The relationships between E, G, v and K are 
E = 2G(1 + v) 
7 E 9GK 
3(1— 2v) 2K+G 


True strain is defined as a function of the original 


diameter d, to the instantaneous diameter of the test 
specimen (d). 


K and E = 


Thus, true strain = 2 log, 


‘a . 
Factor of safety is the ratio of ultimate strength of 
the material to the allowable stress. 


Elasticity is ability of a material to deform and return 
to its original shape upon removal of the load. 


Ductility is ability of a material to undergo large 
permanent deformations in tension, i.e., property which 
enables a material to be drawn into a wire. 


Malleability is the ability to undergo large 
permanent deformation in compression, or property which 
permits material to be beaten or rolled into thin sheets. 


Plasticity. A material is plastic if the smallest load 
produces a permanent deformation. 


Brittleness. A material which can be only slightly 
deformed without rupture is termed as brittle. 


Brittleness and plasticity are opposite terms. 


Toughness is the ability to withstand high unit stress 
together with great unit deformation without complete 
fracture. Difference between ductility and toughness is that 
ductility deals only with the ability to deform, whereas 


toughness considers both the ability to deform and the stress 
developed during deformation. 


Stiffness is the ability to resist deformation under 
stress. 


Hardness is the ability to resist very small 


indentation, abrasion and plastic deformation. It is a 
combination of several properties, l 


Fig. 7.1, shows various types of fr : . 
specimen will break. actures in which a 





N 
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(b) 


(a) (c) 
(d) (e) (f) 
Fig. 7.1. (a) Brittle material like cast iron. Very little elongation and 
very little reduction in cross-section area, (b) Ductile material lke 
steel. Large reduction in area and increase in elongation (¢), (o) 
and (e) Brittle materials arranged in degree of brittleness. Fracture 
takes place by appearing along oblique planes and greater the 


brittleness, more nearly these planes will be parallel to direction ol 
applied force. (f) Fracture under load without failure. 


Creep or flow of metals is phase of plastic 
inelastic action. At sufficiently high temperatures, practical! 
all metals creep under stress which varies with temperatur? 
This deformation due to creep continues to increas? 
indefinitely with time. 
the creep 


Two frequently used expressions of 7 
(const) 


properties of a material are creep rate = 


(Stress)"*: - and creep strain at any time = Zero time str” 
intercept + Creep rate x Time. 


Strain 





Zero time 
Strain 
intercept 


+ 





Time — 


Fig. 7.2 


f 

, Joad® 

Creep stresses. These occur when either the as? 

the deformation progressively varies with time. 
usually associated with non-cyclic phenomena. 


Fatigue Stresses. These occur when jA 


variation to either load or strain is coincident wit 
to time. 
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| jmpact Stresses. These occur from loads which are 
‘ent with time, the duration of the load application being 


same order of magnitude as the natura] period of 
. of the specimen. 


fxternal work performed 


1 sl\ 1( s? 
=—A — |==] = 
2 (5) le] 


A = cross-sectional area, l = length) 
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1s*. ] 
Factor 5 is called the modulus of resilience, l.e., 


the measure of capacity of a unit volume of material to store 
strain energy upto the proportionality limit. 

Ifa load P is applied suddenly to a bar, then the stress 
and strain induced will be double than those obtained by an 
equal load applied gradually. After a series of oscillations in 
which the surplus energy is dissipated in damping, the bar 
finally comes to rest with the same stress and strain as that 
due to equal static load. 


Stress produced by a load P in falling from height 


h=s+s |14? 
el 


sande being stress and strain produced by static load P, and 
lis the length of the bar. 


The above expression could also be written as 
E i + fas z 


Strain energy, stored due to direct stress in three 
directions 






1 > 2 
= e» = ee s| 
If s, = s, = s, = s in case of equal stress in three 


directions, then 
3s? 2 | s? 
= — | 1+ — |=- 
2E m| 2K 


(also known as volumetric strain energy) 


U 


General Two-Dimensional Stress System a 
Value of stress s, and s, on any plane OB inclined at 8 
to OA can be found be relation 


S ara (27%) x COS 20 + s, sin 20 
n 9 2 





s 
s=( E E) sin 20+ s, cos 20 


tan 29 = —25s_ 

Sy — Sx | 

f Stress Principal planes are those on which peas 
s nae are zero, The corresponding value of normal str 

Eo on such planes is called Principal Stress. There are 

S two planes separated by 90° on which shearing 


it Str . 
i a are zero. The stresses on these are called major and 
"principal stresses. 





Fig. 7.3 


Major principal stress 


ny 





no 


s, +S, 








and minor principal stress 


2 
_Srt8y | Sy 7S ng 
2 S 





Maximum shear stress is determined by formula 


tt 





2 


0 == 


S 





s-s y 


and location of such planes can be determined from formula 


Mohr’s circle diagram is a graphical representation 


Referring to Fig. 7.4, it will be noted that centre of 


circle lies on the x-axis and at point í 


radius is equal to 


of the stress in an element subjected to general two- 
dimensional stress system. 


S 


n 


r 
ATY 





Fig. 7.4 


s, + Sy 





: o) ; and its 
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Stresses s, and s, are plotted on x-axis, the oe = 
RHS of origin O and compressive on LHS of O, and s, : 7 
axis positive i.e., clockwise shear stress being shown abo 
x-axis and vice-versa. | 

Method of determining normal stress s, and tangential 


stress s, are shown. All angles 20 are measured with reference 
to CR. 


An angle of 26 on the circle corresponds to an angle o) 
on the element. Angle 20, determines the location of principal 
plane. 


Theories of failure. For one-dimensional stress the 
factor of safety (FS) based on the elastic limit is simply 
given by 

Elastic limit 
~ Actual stress 


When a two- or three-dimensional stress system exists, 
determination of FS is more complicated and depends on the 
type of failure assumed and on the material used; 


Maximum principal stress theory (used for brittle 
metals) 


FS = Smallest of s/s,, s/s, and S/S; 
Maximum shear stress theory (used for ductile metals) 
FS = smallest of s/(s, — s), s/{(s, — s3) and s/(s, — s4) 
Strain energy theory (used for ductile metals) 


FS = Sds? + s2 + s? — 2U(S4S93 + SgS3 + S1S3) 


Shear strain energy theory (best theory for ductile 


metals) 
FS = sdis, -= 8)" + (s2 — s3)? + (s3 — s,)?]/2 


Max. principal strain theory (used in special cases) 


FS = small of s,(s, — US, — US4), S(Sy — vs, — US) 


and ss,- US, — US.) 
where, s, = elastic limit in simple tension 
S1» 89, S3 = Maximum principal stress in a three- 
dimensional system 
FS = factor of safety based on S, 
v = Poisson’s ratio. 

_ Bending stresses in beams. When a beam is 
subjected to pure bending, i.e., no shear forces, then bending 
equation is 

M_E 
I y R 


M = bending moment, 


I = M.I. of section about neutral axis, 
s = stress at any point, 


Y = distance of fibre from neutral axis, and 
R = radius of neutra] surface after bending 
Thus stress intensity ; 
l y in any fibre is proport; 
the distance of the fibre from the neutral heh Te = 
subjected to pur see hess 


e bending. th 
the centroid of the section © neutral axis passes through 
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I/y is called section modulus and is represen; 
letter Z. 


Relationship between shear force, bendin 
and load 
1. Rate of change of shear force at ANY secti 
loaded beam is equal to rate of loading at that section ji 
w = dP/dx. le 
2. Rate of change of bending moment at ANY sect: 
of a loaded beam represents shear force at that section o 
F = dMldx 


Deflection at a point of a loaded beam = (AX yp) 


§ MONE, 


l.e., 


where, A = area of the BM diagram over loaded portion ay 
x is the distance of the c.g. of the B.M. diagram area 4 


Beam of uniform strength is one in which the 
maximum bending stress is same in every section along the 
longitudinal axis. 


For it, wh° aM ; where w = width of beam and}. 
its height 
When a beam is subjected to shear force F, then 


intensity of shear stress on any area dA with its c.g. located 
at distance y from neutral axis will be 


FdA 
q = — (w = width of beam) 


The maximum shear stress developed in a beam of 


rectangular cross-section is 1.5 times the average shear 
stress. 


The ratio of maximum shear stress developed in 4 


rectangular section and circular section of the same area 
cross-section is 9/8. 


Equation of deflection curve for a beam loaded by 
lateral forces is 


M_d’y 
EI dx? 


M2 
Strain energy U= Í 2 dx 


If, W = concentrated load at the end of cantilever par 
of length l, then maximum deflection = W19/3EI. 


In case of uniformly distributed load w per unit Jeng” 


| _ wit 
max 8EI ated 
In case of Simply Supported beam with concent! 


3 
48EI 


— 


„puted 
load at centre, Ò nax = and with uniformly distribu! 


4 
load on = ee 


nh 
Ped on 
Torsion, Equation for shafts subjected to tors 


and having polar moment of inertia J is 
T _G_s, 
J l r 
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= r stress ind . 
where 55 shea uced due to tension T,r andl are 


shaft radius and length For d>b: 

` | di (L8b + 3d) T 
G = modulus of rigidity and #, ee (at middle of side d) 
o = angular deflection of shaft. b°d 
For Solid Circular Shaft a TTI? + d?) 
Maximum shear stress 2Gb?d’ 

5 16T h— d — 
D rD’ 


A 


where, D = diameter, T = torque. 








b 
es nD? s. ti 
Torque capacity T= T: Fig. 7.7 
2 3 . è š 
Power capacity P= T“ND ; For thin tubular section (Fig. 7.8) 
8 s, = T/2tA; 0 = TpL/4A7tG 
where, N =the number of revolutions per second. where, ¢ = thickness 


Angle of twist 0 = ~ cad A = area enclosed by mean perimeter 
T 


p = mean perimeter 
where, G = shear modulus, L = length 


T 





Fig. 7.8 
Fig. 7.5 , l 
For thin rectangular bar and thin open section 
For hollow circular shaft (Fig. 7.6) (Fig. 7.9) | 
i +4 s, = 3T/dt?; 0 = 3TL/Gdt? (rectangle) 
16 TD n(D* -d ) 2. 3 
s.=— Te —i6D S, s, = 3T/Zdt*; 0 = 3TL/GLadt (general case) 
t(D" — d”) Idt? = (dt? + d3t3 +...) Zdt? = (d t3 + d,t3 + ...) 
where, D = outer diameter, d = inner diameter. 
2 4 4 
p- TND SG 8 A a — j 
8D nG(D? — da") 


>) | | 


Fig. 7.6 





For rectangular section bar (Fig. 7.7) 
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SER, 





tions 









Properties of Sec 


Modulus of Section 

















Radius of Gyration 






Moment of Inertia 


SECTION 
- (Refer Fig. 7.10) 


Fig. II 





d 
ry = Po = 4 | 
— | bhè -bhf 
"1 = 42 (bh — byhy) | 












_ 6b? + 6bb, + bf , 5 _ 6b? + 6bb; + bi 12 1 6b? + 6bb, +b 
36 (2b + b4) 1 12(3b + 2b,) 1 3(2b + bı) a 


Z, = bh7/6. 
> = hb?/12 | Z, = hb?/6 






BEAMS 


_ Type of Loading — 
_ (Refer Fig. 7.5) 


es É 
Fig. XII P 
Fig. XIII 






PL 
M max = pE atx = L/2 
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Reaction 






Bending Moment 


Pa 
eo ae Pry: = 
: T OAET ([3L¢ — 4a] at x 


bo] tS 


Pb? 
R, = Ts (8a +b) 





Pa? 
Ry = Tz (3b + a) 


Strain energy/unit volume for solid shaft = s?/ 4G and 





for hollow shaft 5 =ô, + ô, 
_ ss | D" +d aa aiid 
~ 4G| D? S & & 
If a shaft subjected to both tension T and bending (5 = deflection, S = spring stiffness) 
moment M, then maximum principal stress = For two springs in parallel 
16 ys. m2 E S = S, + S, and ô = ĝ; = ô, 
ale ENM EN | and maximum shear stress = In case of laminated leaf or carriage spring 
16 2 2 _— Central deflection 
=r M“+T* and location of principle plane can be i Spr 
l 1, aT ~ 8Enbt® 
“termined by relation 0 = 2 = M` and Max. bending stress 
For combined loading, equivalent bending moment 3PL 
SS. 3 
2 2 max  2nbt 
7 +T . 
= i where, P = load on spring 
b = width of each plate 
and equivalent torsion = |M? +T’ ~ n= number of plates 
Springs L = total length between two points 


t = thickness of one plate 


For helical springs, shear stress induced 





8PD 
S = nd? 
64 PR®n 
Axial deflection = “Ga 
Stiffness of spring or spring constant 
Gd* 
= 3 
me, D = Mean coil diameter, 
R=po 


d = wire diameter 
n = number of coils, and 
= axial load applied 
ple y en a close coiled spring is subjecte 





d to an axial 


» then the rotation Fig. 7.10 Contd. 
64MDn 
b = Edt 
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XVII 


P w/unit length 





Fig. 7.10 


P, = Tightening 
load 





Fig. 7.11 


Tightening load 


wlunit length (a) Hand tightening: P, = kD 
Ai iy} D E a where, k = 1500 to 3000; 


X Rg P, 
L is in newtons and D is in millimeters. 


XV P, = T/0.2D 
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. g (ord 
[T = bolt tighteni?ê to 


Bolted joint in tension. The bolt shown in Fig. 7! 
is under tensile load plus an initial tightening load. 


ye i 




















} 


| 
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shear stress in bolt 


(P Ý (ery 
Ssmax= 190A | (ap? 


_ area at thread root diameter 


je bolt tightening torque 
P= total load 


polted or TIV™ 7 
Bracket in torsion 


iveted brackets-stress in bolts 


Force on a bolt at 7, from centroid of bolt group 
P,= Plr Jr? + ro? +752 +...) 
Vertical force on each bolt P, = P/n 


where, n = number of bolts. 


Total force on a bolt P, = vector sum of P, and P, 


Shear stress in bolt s, = P/A 


where, A = bolt area. This is repeated for each bolt and the 


greatest value of s, is noted. 





Fig. 7.12 


Bracket under bending moment 


(a) Vertical load: Tensile force on bolt at a, from pivot point 


P, = Pla,a? +a? +a3 
Tensile stress s, = P,/A 
Where, A = bolt area. 


= P 
ad similarly u ig A? etc 


a Shear stress S, = P/(nA) 
re, n = number of bolts. 


+.) 


Maximum tensile stress in bolt at aj, 


121 [2 2 
in = 9 +2 si + 455 


(6) Horizontal load: 


aximum tensile stress s,, = S, + P/(nA) for bolt at a). 







Pivot 
Fig. 7.13 


P (Horizontal 
force) 


d (For horizontal 


yen 





Welded Joints 


Butt weld. The strength of 
i the weld is assumed equal 
to that of the plates themselves. Í 


EX h 


Fig. 7.14 


Fillet weld-Parallel loading 
Shear stress s, = F/tl 
Weld throat-t = 0.7 w 

where, w = weld leg size. 


NW AWAY 








Fig. 7.15 


Transverse loading: 
Shear stress s, = Fitl 
Throat t = 0.77 w 


F 
| 
Fig. 7.16 
Welded bracket with bending moment 


Symbols used: 
I = second moment of area of weld group (treated as 


lines) = constant x t 
— 1 
F 


A 






j= 


Fig. 7.17 
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Z = Ily aa = bending modulus 
Maximum shear stress due to moment s, = M/Z 
where, M = bending moment. 
Direct shear stress s, = F/A 
where, A = total area of weld at throat, F = load. 


| 2 
Resultant stress s, = sf + s° 


from which ż is found. 


Welded bracket subject to torsion 
Maximum shear stress due to torque (T) 
| Sy = T.r./J (T = Fl) ° 
Polar second moment of area J = I+] 3 


where, r = distance from centroid of weld group to any point 
on weld. 


Direct shear stress s ¿= FIA 


Resultant stress (s 
chosen to give highest v 
found, and hence w. 


,) is the vector sum of s,,ands;ris 
alue of s.. From s„ the value of t is 





Fig. 7.18 


Deflection of beam when it is fixed at b 
due to a central load si ee 


w3 
192 EI 
Thus it is one-fourth the value for simply supported 


i W= 


beam. 


Columns. For slen 


- der column, acco 
critical load unde 


rding to Kuler, the 









r whi . 
a can be bent is ich the column with both ends hinged 
; : n° El 2 
is cr 7 E a Also For = Th E 
iM where, I/k = s} A Uk? 
A , = Slendernegss ratio, and 
P JA = avera i 


8e stress under 
The critica] 


conditions of colum 


critical load 


load and effective length for various 


n are 














(TEDL v) 
(n7El)/(41?) 


Both ends hinged 


One end fixed and 
other free 


Both ends fixed 


One end fixed and 
one end hinged 









(4n7E1)/(1?) 
(2n?E1)/((1?) 


Actual 
length 
l 
l 
l 
l 














One end fixed comp- | (n2E/)/(1?) 
letely and other end 


fixed in direction only 









According to Rankine Gordon formula 
S.A J 
= ———— where a = — 
1+ a(l/k)? mE 
According to Johnson’s parabolic formula, 
P=sA-—eA (1 J/k)? 
where, e = a constant, Z e = equivalent length 


= constant 


Thin Cylindrical Shell and Spheres 


A shell is known as thin walled shell, if the wal 


thickness of a shell is equal to or less than 1/20 of the inten 
diameter, 


The circumference or hoop stress in a thin cylindned 


Shell of internal radius r, thickness t, when subjected t 
internal fluid pressure p is 


p.r — Pat 
S, =-~ and longitudinal stress s, = “Ot 
_ It may be noted that the hoop stress is twice i 
longitudinal stress. 
Maximum shear stress 
8,—s, . P.r 
Imax = > + —— 


Circumferential Strain or Hoop strain 
e; = 


ae 1) 


Longitudinal strain 











1 1 pri 4] 
“= tT Sh oe a om 
Volumetric strain 
rio] 2) 
=e = 2e, +e) = o m 
Spherical Shells 
Circumferential stress = — 
Strain pre a0 1-4] 
2tE m 
Volumetric strain 3e = Sp i3 | 
fy = 96 = “OE 
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strain is defined as the ratio of 
(a) change in volume to original volume 
(b) change in length to original length 


(c) change 1n cross-sectional area to original Cross- 
sectional area 


(d) any one of the above 


(e) none of the above. 


_ Hooke’s law holds good upto 


(a) yield point 
(b) limit of proportionality 
(c) breaking point (d) elastic limit 


(e) plastic limit. 


. Young’s modulus is defined as the ratio of 


(a) volumetric stress and volumetric strain 

(b) lateral stress and lateral strain 

(c) longitudinal stress and longitudinal strain 
(d) shear stress to shear strain 


(e) longitudinal stress and lateral strain. 


. The unit of Young’s modulus is 
(a) mm/mm (b) kg/cm 
(c) kg (d) kg/cm? 
(e) kg cm2. 
. Deformation per unit length in the direction of force 
is known as 
(a) strain (b) lateral strain 


(c) linear strain (d) linear stress 


(e) unit strain. 


. Itequal and opposite forces applied to a body tend to 


elongate it, the stress so produced is called 
(a) internal resistance (b) tensile stress 
(c) transverse stress (d) compressive stress 


(e) working stress. 


The materials having same elastic properties in all 


directions are called 
(a) ideal materials 

(c) isotropic materials 
(e) elastic materials. 


(b) uniform materials 
(d) practical materials 


- À thin mild steel wire is loaded by adding loads in 


“qual increments till it breaks. The extensions noted 
With increasing loads will behave as under 


(a) uniform throughout (b) increase uniformly 
(c) first increase and then decrease 


(d) increase uniformly first and then increase 
rapidly 
e) increase rapidly first and then uniformly. 


MULTIPLE:CHOICE QUESTIONS 


9. Figure below shows t 
ob 


10. 


11. 


12. 


(Part 2) : 


steel; and medium carbon steel, heat treated 


A 







Stress —> 


Stress —— 


In above Figure, curve A is for 

(a) soft brass (6) cold rolled steel 
(c) low carbon steel 

(d) medium—carbon steel heat treated 

(e) none of the above. 

In above Figure, curve B is for 

(a) soft brass (b) cold rolled steel 
(c) low carbon steel 

(d) medium-carbon steel, heat treated 

(e) none of the above. 

In above Figure, curve C is for 

(a) soft brass (6) cold rolled steel 
(c) low carbon steel 

(d) medium-carbon steel, heat treated 

(e) none of the above. 

In above Figure, curve D is for 

(a) soft brass 

(b) cold rolled steel 

(c) low carbon steel 

(d) medium-carbon steel, heat treated 

(e) none of the above. 


. Modulus of rigidity is defined as the ratio of 


(a) longitudinal stress and longitudinal strain 
(b) volumetric stress and volumetric strain 

(c) lateral stress and lateral strain 

(d) shear stress and shear strain 

(e) linear stress and lateral strain. 


, If the radius of wire stretched by a load is doubled, 


then its Young’s modulus will be 
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l he relative positions of graphs 
tained between stress and strain for four different 
materials, viz., soft brass; cold rolled steel; low carbon 









(b) halved 


d 
oa (d) become one-fourth 


(c) become four times 
(e) remain unaffected. 


j d 
15. The ultimate tensile stress of mild steel compare 


to ultimate compressive stress 18 


(a) same (b) more 

(c) less 

(d) more or less depending on other factors 
(e) unpredictable. 


16. Tensile strength of a material is obtained by dividing 
the maximum load during the test by the 


(a) area at the time of fracture 
(b) original cross-sectional area 
(c) average of (a) and (b) 

(d) minimum area after fracture 
(e) none of the above. 


17. The impact strength of a material is an index of its 


(a) toughness (b) tensile strength 
(c) capability of being cold worked 
(d) hardness (e) fatigue strength. 


18. The Young’s modulus of a wire is defined as the stress 
which will increase the length of wire compared to 


its original length | 
(a) half (6) same amount 
(c) double (d) one-fourth 


(e) four times. 


19. Percentage reduction of area in performing tensile 
test on cast iron may be of the order of 


(a) 50% (b) 25% 
(c) 0% (d) 15% 
(e) 60%. 
20. The intensity of stress which causes unit strain is 
called 
(a) unit stress (6) bulk modulus 
(c) modulus of rigidity (d) modulus of elasticity 


(e) principal stress. 


21. True stress-strain curve for materials is plotted 
between 


(a) load/original cross-sectional area and change in 
length/original length 


(6) load/instantaneous cross-sectional area and 
og, original area 
Instantaneous area 


(c) load/instantan 


M f ; 
oh ous cross-sectional area and 


ange in length/original length 
(d) load/instantaneous area and 
area/original area 
(e) none of the above. 
22. During a tensile tes 
section, maximum l 


instantaneous 


t . 
k pn a specimen of 1 cm? cross- 
observed was 8 tonnes and 


MECTANICAL Eau, 






area of cross-section at neck was 0.5 m? i a 
tensile strength of specimen 1s iy | 
(a) 4 tonnes/em? : 

(c) 16 tonnes/cm? 

(e) none of the above. 


93. For steel, the ultimate strength in shear a on 
to in tension is nearly 


(b) 8 tonnes/em? 
(d) 22 tonnes/em? 


(b) half 
(d) two-third 


(a) same 
(c) one-third 
(e) one-fourth. 
94, Which of the following has no unit ? 
(a) kinematic viscosity (b) surface tension 
(c) bulk modulus (d) strain 
(e) elasticity. 
25. Which is the false statement about true Stress-straiy 
method ? 
(a) It does not exist 
(b)It is more sensitive to changes in bot 
metallurgical and mechanical conditions 
(c) It gives a more accurate picture of the ductility 
(d) It can be correlated with stress-strain valuesit 
other tests like torsion, impact, combined stress 
tests etc. 
(e) It can be used for compression tests as well. 
26. Ina tensile test on mild steel specimen, the breakin 
stress as compared to ultimate tensile stress is 
(a) more 
(6) less 
(c) same 
(d) more/less depending on composition 
(e) may have any value. : 
27. If a part is constrained to move and heated, it wil 
develop | 
(a) principal stress 
(c) compressive stress 
(e) no stress. | 4 
28. Which of the following materials is most las" 
(a) rubber (b) plastic 
(c) brass (d) steel 
(e) glass. 
29. The value of modulus of elasticity for mild ste? 
the order of | 
(a) 2.1 x 105 kg/cm? 
(c) 2.1 x 107 kg/cm? 
(e) 3.8 x 106 kg/cm2. 
30. The value of Poisson’s ratio for steel is 
(a) 0.01 to 0.1 (b) 0.23 to 0.27 
(c) 0.25 to 0.33 (d) 0.4 to 0.6 
(e) 3 to 4. j 
31. The buckling load for a given material dep a 
(a) slenderness ratio and area of cross-Se 
(6) Poisson’s ratio and modulus of elastic. 
(c) slenderness ratio and modulus of elasti; n” i 
(d) slenderness ratio, area of cross-S° 
modulus of elasticity : 
(e) Poisson’s ratio and slenderness ratio. 


(b) tensile stress 
(d) shear stress 


18 df 


| 2 
(b) 2.1 x 10° ke/™, 
(d) 0.1 x 10°kg/™ 


betwee? 
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longation produced i , 
2, The total elo T aif sunt 
section hanging vertically downwards due to i owe 
weight is equal to that produced by a weight 
(a) of same magnitude as that of bar and 
the lower end applied at 
(b) half the weight of bar applied at lower end 
(c) half of the square of weight of bar applied at 
lower end 
(d) one-fourth of weight of bar applied at lower end 
(e) none of the above. 


33, The property of a material by virtue of which a body 
returns to its original shape after removal of the load 
is called 


(a) plasticity 
(c) ductility — 
(e) resilience. 
34. The materials which exhibit the same elastic 
properties in all directions are called 
(a) homogeneous (b) inelastic 
(c) isotropic (d) isentropic 
(e) visco-elastic. 
35. The value of Poisson’s ratio for cast iron is 


(b) elasticity 
(d) malleability 


(a) 0.1 to 0.2 (b) 0.23 to 0.27 
(c) 0.25 to 0.33 (d) 0.4 to 0.6 
(e) 3 to 4. 


36. The property of a material which allows it to be 
drawn into a smaller section is called 


(a) plasticity (b) ductility 
(c) elasticity (d) malleability 
(e) drawability. 


37. Poisson’s ratio is defined as the ratio of 
(a) longitudinal stress and longitudinal strain 
(b) longitudinal stress and lateral stress 
(c) lateral stress and longitudinal stress 
(d) lateral stress and lateral strain 
(e) none of the above. 
38. For which material the Poisson’s ratio is more than 
unity 
(a) steel 
(c) aluminium 
(e) none of the above. 
39. The property of a material by virtue of which 1t can- 
e beaten or rolled into plates is called 


(b) copper 
(d) cast iron 


(a) malleability (b) ductility 
(c) plasticity (d) elasticity 
(e) rollability, 


: The change in the unit volume of a material under 
tension with increase in its Poisson's ratio will 
(a) increase (b) decrease 
(c) remain same 
(d) increase initially and then decrease . 
e) unpredictable. 
` The Percentage reduction in a 
Specimen during tensile test wou 


rea of a cast iron 
ld be of the order of 


(a) more than 50% (b) 25—50% 
(c) 10—25% (d) 5—10% 
(e) Negligible. 
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42. If a materia] expands freely due to heating, it will 
develop 


(a) thermal stresses 
(c) bending 
(e) no stress. 


43. In a tensile test, near the elastic limit zone, the 
(a) tensile strain increases more quickly 
(b) tensile strain decreases more quickly 


(c) tensile strain increases in proportion to the 
stress 


(d) tensile strain decreases in proportion to the 
stress 


(b) tensile stress 
(d) compressive stress 


(e) tensile strain remains constant. 

44. The stress necessary to initiate yielding is 

(a) considerably greater than that necessary to 
continue it 

(b) considerably lesser than that necessary to 
continue it 

(c) greater than that necessary to stop it 

(d) lesser than that necessary to stop it 

(e) equal to that necessary to stop it. 

45. In the tensile test, the phenomenon of slow extension 
of the material, i.e. stress increasing with the time 
at a constant load is called 
(a) creeping (b) yielding 
(c) breaking (d) plasticity 
(e) none of the above. 

46. The stress developed in a material at breaking point 
in extension is called 
(a) breaking stress 
(c) yield point stress 
(e) proof stress. 

47. Rupture stress is 
(a) breaking stress 
(b) maximum load/original cross-sectional area (A) 
(c) load at breaking point/A 
(d) load at breaking point/neck area 
(e) maximum stress. 

48. The elasticity of various materials is controlled by 
its 
(a) ultimate tensile stress 
(b) proof stress 
(c) stress at yield point 
(d) stress at elastic limit 
(e) tensile stress. 

49. The ratio of lateral strain to the linear strain within 

elastic limit is known as 
(a) Young’s modulus 

(c) modulus of rigidity 
(e) Poisson’s ratio. 

50. The ratio of direct stress to volumetric strain in case 
of a body subjected to three mutually perpendicular 
stresses of equal intensity, is equalto 
(a) Young’s modulus (b) bulk modulus 
(c) modulus of rigidity (d) modulus of elasticity a 
(e) Poisson’s ratio. CI acura eke, =e 


(6) fracture stress 
(d) ultimate tensile stress 


(b) bulk modulus 
(d) modulus of elasticity 


aay 
vigs 
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51. The stress at which extension of the material takes 


place more quickly as compared to the increase 1n 
load is called 

(a) elastic point of the material 

(b) plastic point of the material 

(c) breaking point of the material 

(d) yielding point of the material 

(e) ultimate point of the material. 


52. Five specimens of M.S. have their lengths and 


diameters as l, d; 2l, 2d; 3l, 3d; 4l, 4d and 5l, 5d. 
Which of these will have largest extension when the 
same tension is applied to all of them 


(a) first (b) second 
(c) third (d) fourth 
(e) fifth. 


53. The percentage reduction in area in case of cast iron 


when it is subjected to tensible test is of the order of 


(a) 0% (b) 10% 
(c) 20% (d) 25% 
(e) 30%. 


54. In a compression test, the fracture in cast iron 


specimen would occur along 
(a) the axis of load 
(b) perpendicular to the axis of load 


(c) an oblique plane (d) would not occur 
(e) none of the above. 


55. The loss of strength in compression due to 


overloading is known as 
(a) hysteresis 

(c) creep 

(e) resilience. 


(b) relexation 
(d) Bouschinger effect 


56. An elastic rod, 1 m long, of negligible weight hangs 


downward from a support. In one case a load is 
applied on rod 20 cm below the support, and in other 
case the same load is applied at bottom of rod. The 
reactions at supports will be 

(a) more in first case (b) same in both the cases 
(c) more in second case 

(d) data are not sufficient to determine same 

(e) none of the above. 


57. In Problem 56, the elongation in second case 


compared to first case will be 


(a) same (b) 5times less 
(c) 5 times more (d) 2.5 times more 
(e) unpredictable. 


58. In Problem 56, the internal reaction in bottom 80 


cm length will be 
(a) same in both cases 
(c) different in both cases 


(d) data are not sufficient to determine same 
(e) none of the above. 


(b) zero in first case 


59. Flow stress corresponds to 


(a) fluids in motion (b) breaking point 


(c) plastic deformation of solids 


(d) rupture stress (e) none of the above. 


60. When it is indicated that a member is elastic, it 


means that when force is applied, it will 


61. 


62. 


63. 


65. 


66. 


67. 


68. 


69. 


bs 
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(b) be safest 
(d) not stretch 


(a) not deform 

(c) stretch 

(e) none of the above. 
The energy absorbed in a body, when it jg 
within the elastic limits, is known as 

(a) strain energy (b) resilience 

(c) proof resilience (d) modulus of resilien 
(e) toughness. Ce 
Resilience of a material is considered when ; 


Strain, r 


t 
subjected to i 
(a) frequent heat treatment 

(b) fatigue (c) creep 


(d) shock loading (e) resonant condition. 
The maximum strain energy that can be stored jn, 
body is known as 
(a) impact energy 
(c) proof resilience 
(e) toughness. 


(b) resilience 
(d) modulus of resilience 


. The total strain energy stored in a body is termed a; 


(a) resilience (b) proof resilience 

(c) modulus of resilience (d) toughness 

(e) impact energy. 

Proof resilience per unit volume of a material is 
known as 

(a) resilience (b) proof resilience 

(c) modulus of resilience (d) toughness 

(e) impact energy. 

Strain energy stored in a body of volume V with 
stress s due to gradually applied load is 


"e 





sE sE? | 
(a) Ore | 
y? 52V | 
ej E Dan | 
E a) Ee | 
V2 
ea. 
E 


The strain energy stored in a body of volume V due 
to shear stress s. and shear modulus C is 

















The stress induced in a body due to suddenly appli 
load compared to when it is applied gradually 

(a) same (b) half | 
(d) four times | 


2y y2 
(a) 2s Ss 
a 2C (b) 30 
iV 2C 
(ce) Sa (d) By 
(e) SV . 
2C | 
| 


(c) two times 
(e) none of the above. 


The strain energy stored in a body due to 


applied load compared to when it is applied 8"? 
is 


qaeoY 
su ali 


(a) same (b) twice | 
(c) four times (d) eight times 
(e) half. 


t 

$ 

y 
A 
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i 10. A material capable of absorbj 
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ng large a 

energy before fracture is known se ge amount of 
(a) ductility 
(c) resilience 


(e) plasticity. 


(b) toughness 
(d) shock proof 


Coaxing is the method of increasing 

(a) strength by reversible cycling 

(b) corrosion resistance by spraying 

(c) hardness by surface treatment 

(d) fatigue resistance by over-stressing the meta] by 
successively increasing loadings 

(e) creep by head treatment. 

A vertical hanging bar of length ] weights w kg/unit 

length and carries a load W at bottom. The tensile 

force at distance y from Support in the bar will be 

(a) W + w(l — y) OW | 


(c) W + wl (dD (w + W) = 


le) W+ SW 
Ww 


A beam is loaded as cantilever. If the load at the end 
is increased, the failure will occur 


(a) in the middle 

(b) at the tip below the load 
(c) at the support 

(e) none of the above. 


(d) anywhere 


A non-yielding support implies that the 

(a) support is frictionless 

(6) support can take any amount of reaction 

(c) support holds member firmly 

(d) slope of the beam at the support is zero 

(e) none of the above. 

The ratio of elongation in a prismatic bar due to its 


own weight (W) as compared to another similar bar 
carrying an additional weight (W) will be 


(a)1:2 (6)1:8 
(c) 1:4 (d) 1: 2.5 
(e) 1 : 2.25. 


Stress concentration in a flat bar having a hole of 
radius r as compared to a flat bar having same 
dimension but having circular fillets of radius r at 
both ends will be (shown in given Figure) 


r 


S| | 


Circular 
fillets 


Circular 
hole 
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(a) same 

(c) less 

(e) none of the above. 
A steel wire hangs vertically under its own weight. 


If its density is 8000 kg/m? and allowable stress is 
2000 kg/cm? then how much length it can sustain 


(b) more 
(d) unpredictable 


(a) no limit (6) 1250 m 
(c) 5000 m (d) 2500 m 
(e) 2000 m. 


The dimensions of Young’s modulus of elasticity are 
given by 

(a) MIL- 1T-2 (b) M1L-17- 1 

(e) M1L-2T-2 (d) M'L- 17-3 

(e) M1L- 27-1, 

The yield point in fatigue loading in comparison to 
yield point in static loading is 

(a) same (6) lower 

(c) higher (d) half 

(e) twice. 

In a prismatic member made of two materials so 


joined that they deform equally under axial stress, 
the unit stresses in two materials are 


(a) equal 

(6) proportional to their respective moduli of 
elasticity 

(c)inversely proportional to their moduli of 
elasticity 


(d) average of the sum of moduli of elasticity 

(e) none of the above. 

Moment of inertia of an area will be least w.r.t. 

(a) horizontal axis (b) vertical axis 

(c) bottom most axis (d) central axis 

(e) point of suspension. 

The distance between the centres of two consecutive 
rivets in the same row is called 

(a) lead (b) lap 

(c) pitch (d) spacing 

(e) clearance. 

In riveted boiler joints, all stresses, shearing, bearing 
and tensile are based on the 

(a) size of rivet 

(6) size of the drilled or reamed hole 

(c) average of size of rivet and hole 

(d) smaller of the two 

(e) any one of the above. 

The distance between the centres of the rivets in 
adjacent rows of zig-zag riveted joint is known as 


(a) pitch (b) back pitch 

(c) diagonal pitch (d) diametral pitch 

(e) lap. 

Efficiency of a riveted joint is the ratio ofits strength 


(max. load it can resist without failure) to the 
strength of the unpunched plate in 

(a) tension (b) compression 

(c) bearing (d) any one of the above 
(e) none of the above. 
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86. When two plates are butt together and riveted with 
cover plates with two rows of rivets, the joint 1s 
known as 
(a) lap point (b) butt joint 
(c) single riveted single cover butt joint 
(d) double riveted double cover butt joint 
(e) single riveted double cover butt joint. 

87. Increase in number of rows of rivets results in 
(a) decrease in efficiency of joint 
(b) increase in efficiency of joint 

(c) no change in efficiency of joint 
(d) increase/decrease of efficiency of joint dependent 
upon number of the rivets used 
(e) none of the above. 
88. A riveted joint in which every rivet of a row is 
opposite to other rivet of the outer row, is known as 
(a) chain riveted joint 
(b) diamond riveted joint 
(c) criss-cross riveted joint 
(d) zig-zag riveted joint 
(e) none of the above. 
89. Ariveted joint in which the number of rivets decrease 
from innermost to outermost row is called 
(a) chain riveted joint 
(b) diamond riveted joint 
(c) criss-cross riveted joint 
(d) zig-zag riveted joint 
(e) none of the above. 


90. The diameter of rivets in mm for a plate of thickness 
t mm is taken as 


(a) t (b) 2t 
(c) Jt (d) 1.41Vt 
(e) 6.054¢. 


91. If the rivets in adjacent rows are staggered and the 
outermost row has only one rivet, the arrangement 
of the rivets is called 
(a) chain riveting (b) zig zag riveting 
(c) diamond riveting (d) criss-cross riveting 
(e) none of the above. 

92. Diamond riveted joint can be adopted in the case of 
following type of joint 
(a) butt joint (b) lap joint 
(c) double riveted lap joints 
(d) all types of joints 
(e) none of the above. 


93. Rivets are made of following type of material 


(a) tough (b) hard 
(c) resilient (d) ductile 
(e) malleable. 


94. A riveted joint in which the spacing of the rivets is 
staggered in such a way that every rivet is in the 
middle of the two rivets of the opposite row is known 
as 

(a) zig-zag riveted joint (6) diamond riveted joint 


(c) butt riveted joint (d) chain riveted joint 
(e) criss-cross riveted joint. 


qs 





95. The weakest section of a diamond rive 


96. Ifb is the width of a plate joined by diamong river 





MECHANICAL ENGIN Y 


section which passes through Ing ig the | 
(a) the first row (b) the second roy, 
(c) the central row 

(d) one rivet hole of the end row 

(e) none of the above. 











of diameter (d), the efficiency of the joint js given | 
(a) 29 TES j 
a) — a | 

d — b b-d 

(2) S 
(c) 7 x 
b 

(e) pa 


97. Incase of an eccentric loading on a bracket subjectey 
to moment (M), the tangential force developed in any 
rivet, at right angles to its radius vector (r) is 








2 
A) ell 
M 


r 


JMr 


Fr? 





(d) 


98. A beam of length l, having uniform load of w kg per 
unit length, is supported freely at the ends. The 
bending moment at mid span will be 


(a) wi 
4 


wl? 


(c) rg 


(e) none of the above. 


wl? | 
(b) 9 | 


wl? | 
(d) EJ 


99. Twisting couple in a shaft introduces in it 
(a) bending moment (b) deflection 
(c) shear strain (d) stress 
(e) shear stress. 


100. A circular bar is subjected to an axial force 
1000 kg. The components of force normal and pre 
to a plane inclined at 45° to the axis of bar will 
(a) 1003 kg each 


(c) 500 kg each 
(d) not possible to determine with these data 


(e) none of the above. de} 

101. A rectangular plate 8 cm long and Nei "es 
subjected to normal forces of 600 kg at 6 cm ° onti”! 
200 kg at 8 cm side. The normal an 


components of force on the diagonal plané wi 
(a) 200 kg and 600 kg (b) 520 kg and 3 


(b) 707 kg each | 
| 
| 


60kg 


(c) 800 kg and 400 kg (d) unpredictable | 
(e) none of the above. ete | 


; ' ao dia 
102. The tensile stress in a conical rod, having s 
D at bottom, d at top, length ¿ and subjecte 


m 


nosit 


force F, at distance x from small end will be 


(a) 





4F 
nD” 


4F | 
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AF 4F? 
ae (d) eee 
O D-a m{(D — d)x + ld}? 


(e) none of the above. 


The deformation of a bar under its own weight 
compared to the deformation of same body subjected 
to a direct load equal to weight of the body is 

(a) same (b) double 

(c) half (d) four times 

(e) one-fourth. 

The extension of a circular bar tapering uniformly 


from diameter d, tod, is same as of uniform circular 
bar of diameter 


(a) d, +d, (b) dı -dz 
2 2 

(c) ydıdz (d) adi =d? 

(e) (d, x ad. 


The extension of a circular bar of length / tapering 
from d, tod, and subjected to axial pull F is 


4Fl 4F]l 
(0) Edd a 
4Fl 4Fl 
) —— d) =a 
KEIEN CRTE 
(e) _ ft 
2n Ed, də l 


The elongation of a freely hanging uniform steel rope, 
if its length is doubled will increase in the ratio of 


(a)2:1 ib) Lid 
(c)4:1 (d) 8:1 
(e) 16:1. 


Young’s modulus is defined as the ratio of 

(a) longitudinal stress to longitudinal strain 

(b) lateral strain to longitudinal strain 

(c) lateral stress to longitudinal strain 

(d) longitudinal stress to lateral strain 

(e) none of the above. 

If a material is loaded beyond yield point stress 

(a) it becomes elastic (b) it becomes ductile 

(c) its resistance to fatigue increases | 

(d) it loses its tendency to return to its original 
shape 

(e) it becomes brittle. 

If all the dimensions of a prismatic bar be increased 

in the ratio of k : 1, then maximum stress produced 

in the bar due to its own weight will increase in the 

following ratio 


(a)k:1 (b) k?:1 
(c) k3 =] (d)1:k 
(e) 1: k2. 


Modulus of rigidity is defined as the ratio of 
(a) linear stress to longitudinal strain 

(b) stress to volumetric strain 

(c) shear stress to shear strain 

(d) stress to strain 

(e) stress to longitudinal strain. 


111. 


112. 


113. 


114. 


115. 


116. 


117. 





A body is subjected to three mutually perpendicular 
Stresses of equal intensity. The ratio of direct stress 
to corresponding volumetric strain is called 

(a) Poisson’s ratio (6) Bulk modulus 

(c) modulus of rigidity (d) Young’s modulus 

(e) modulus of elasticity. 

A tapered bar of length / with diameter D at base 
and having specific weight p is suspended freely 
under its own weight. The elongation of bar will be 


3 3 
(a) pi? (b) pl 
6E E 
3 3 
(c) pe (d) pl” 
4E 3E 
(e) pÈ 
2E 


A tapered bar of length / has diameters D and d at 
ends. If it is subjected to axial load F, then the 
elongation produced will be 











(a) 2 œ) PL 
Dd Dd 
l 16npl 
(ga (d 
Dd a 
e) pl . 
16nDd 


There are two bars, one prismatic and one conical. 
Length and weight of both are same. The ratio of 
their elongation due to their own weight will be 


(a)0.5:1 (b)1:1 
(c)3:1 (d)1:2 
(e) 1:3. 


In Figure shows the relationship of various scales of 
hardness w.r.t. Brinell Numbers 


Curve A is for 
140 


Vickers No. 





Rockwell C 
Rockwell B 
©  Scleroscope 


0 100 200 300 400 500 600 700 
Brinell no. 


(a) Rockwell C (b) Vickers 

(c) Rockwell B (d) Scleroscope 
(e) none of the above. 

In Figure of Problem 115, curve B is for 
(a) Rockwell C (b) Vickers 

(c) Rockwell B (d) Scleroscope 
(e) none of the above. 

In Figure of Problem 115, curve C is for 
(a) Rockwell C (b) Vickers 
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128. 


(c) Rockwell B 

(e) none of the above. 
In Figure of Problem 115, curve D is for 
(a) Rockwell C (b) Vickers 

(c) Rockwell B (d) Scleroscope 
(e) none of the above. 


(d) Scleroscope 


A structure, made up of several bars, joined together 
is known as 

(a) beam (b) column 

(c) strut (d) tie 


(e) frame, 


A frame in which the number of members is just 
sufficient to keep it in equilibrium, is known as 

(a) theoretical frame (b) perfect frame 

(c) ideal frame (d) deficient frame 

(e) redundant frame. 


The number of members in a perfect frame having J 
number of joints is equal to 


(a) 2J -—1 (6) 37 —2 
(c) 2J —3 (d) 3J -1 
(e) 2J + 3. 


The force acting along the circumference will cause 
stress in the walls in a direction normal to the 
longitudinal axis of cylinder; this stress is called 
(a) longitudinal stress (b) hoop stress 

(c) yielded stress (d) ultimate stress 

(e) none of the above. 

A boiler shell 200 cm diameter and plate thickness 


1.5 cm is subjected to internal pressure of 1.5 MN/m?2, 
then the hoop stress will be 


(a) 30 MN/m2 (b) 50 MN/m?2 

(c) 100 MN/m? (d) 200 MN/m? 

(e) 300 MN/m?. 

A cylindrical section having no joint is known as 
(a) jointless section 
(c) perfect section 
(e) seamless section. 
Longitudinal stress in a thin cylinder is 

(a) equal to the hoop stress 

(b) twice the hoop stress 

(c) half of the hoop stress 

(d) one-fourth of hoop stress 

(e) four times the hoop stress. 

The radius taken into consideration in calculating 
the stress in a hollow shaft subjected to torsion is 


(a) inner radius (b) outer radius 
(c) mean radius 


(d) both inner and outer radii 
(e) geometric mean of inner and outer radii. 


(b) homogeneous section 
(d) manufactured section 


Thin cylinders are used to store 
(a) water (b) oil 
(c) gas (d) steam 


(e) any one of the above. 
The safe twistin 
equal to the 


(a) maximum calculated value 


8 moment for a compound shaft is 





129. 


130. 


131. 
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(b) minimum calculated value 

(c) mean value 

(e) none of the above. 

The ratio of maximum shear stress to max; 

normal stress at any point in a solid circular shah 
$ 


(d) extreme value 


1 
(a) 1 (b) PY 
2 
(c) 2 (d) 3 ! 
3 
(e) 2° 


The torsional rigidity of a shaft is expresseq by the 

(a) maximum torque it can transmit 

(b) number of cycles it undergoes before failure 

(c) elastic limit upto which it resists torsion, Shear 
and bending stresses 

(d) torque required to produce a twist of one radian 
per unit length of shaft | 

(e) maximum power it can transmit at highest | 
possible speed. 

Strain energy stored in a solid circular shaft js 

proportional to 

(a) GJ (torsional rigidity of shaft) 


(b) 1/GJ (c) (GJ)? 

(a) — a 
C e —— m 7 
(GJ) JGJ 


In the case of thick cylinder, the ratio of cylinder 
diameter to wall thickness is less than or equal to 


(a) 5 (b) 10 
(e) 50. | 
If r, and ro be the inner and outer radii of a cylinder 


then theory of thick cylinder can be applied when | 
r;/r is equal to | 
(a) 1 

(c) 1.2 

(e) greater than 1.2. 


The value of shear stress which is induced in the 

shaft due to the applied couple varies 

(a) from maximum at the centre to zero at w 
circumference 


j he 
(b) from zero at the centre to maximum at | 
circumference 


o. t the 
(c) from maximum at the centre to minimum 4 
circumference 


ie tthe 

(d) from minimum at the centre to maximum ê 
circumference 

(e) none of the above. 


ainé 
A key is subjected to side pressure as well at a | 
forces. These pressures are called 

(a) bearing stresses 


5 
(c) crushing stresses (d) resultant stress 
(e) none of the above. 


| d, th 
In a belt drive, the pulley diameter 1s double’ The 
belt tension and pulley width remaining 54™ 
changes required in key will be 


(b) less than 1 
(d) less than 1.2 


ee eee o 


EEE 


(b) fatigue stresses 
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137. Shear stress induced in a shaft subj 


144, Mohr’s circle can be used to de 





(a) increase key length 
(c) increase key width 
(d) double all the dimensions 
(e) none of the above. 


(b) increase key depth 


will be ected to tension 


(a) maximum at periphery and zero at centre 


(b) maximum at centre (c) uniform throughout 
(d) average value in centre 
(e) none of the above. 


138. In the design of pulley, key and shaft 


(a) all three are designed for same strength 
(b) key is made weaker link 

(c) pulley is made weaker 

(d) shaft is made weaker 

(e) key is made strongest link. 


139. A column is fabricated by inserting one tube into 


another for a distance / and then brazing the two to 
make a homogeneous joint. The outside diameter of 
small tube is 5 cm and whole column is subjected to 
compressive load of 1000r kg. The allowable 
compressive stress is 250 kg/cm? and shear stress 
100 kg/cm?. The inside diameter of small tube is 


(a) 3 cm (b) 2 cm 
(c) 4 cm (d) 1 cm 
(e) 6 cm. 

140. In above Problem 139, the outside diameter of bigger 
tube is 
(a) 6.0 cm (b) 7.0 cm 
(c) 7.5 cm (d) 6.4 cm 
(e) 12.8. 

141. In above Problem 139, the length / is 
(a) 5 cm (b) 3 cm 
(c) 2 cm (d) 1 cm 
(e) 4 cm. 


142. A member is subjected to tensile force F and its 


normal cross-section perpendicular to line of force is 
A. The resulting normal stress in an oblique plane 


inclined at angle @ to traverse plane will be 
E o? b sin 20 
(a) z cs 0 (b) 3A 


P 
(e) A sin2 0 (d) WA cos 20 


(e) L cos 20. 


143. In above Problem 142, the resulting shear stress 1n 


oblique plane inclined at angle 6 to transverse plane 


will be 


P: . 
(a) £ cos2 20 (b) JA sin 20 


P 
(c) £ sin2 0 (d) aA cos 20 


(ej + sin? 0. 
= termine following 


stress on inclined surface 


145. 


146. 


147. 


148 


149. 


(a) principal stresses 
(6) normal stress 

(c) tangential stress 
(d) maximum shear stress 
(e) all of the above. 


Which of the following constitutes statically 
determinate beams ? 


(a) simply supported cantilevers and overhung 
beams 

(b) cantilevers and fixed beams 

(c) continuous beams and beams 
uniformly distributed loads 

(d) fixed beams and simply supported beams 

(e) none of the above. 

At the principal planes 

(a) the normal stress is maximum or minimum and 
the shear stress is zero 

(b) the tensile and compressive stresses are zero 

(c) the tensile stress is zero and the shear stress is 
maximum 

(d) no stress acts 

(e) all the stresses are maximum. 

If a material is subjected to a tensile load, then to 

avoid the shear failure of a material along a plane 

inclined at 45° to the direction of the tensile stress, 

the material should have its shear strength at least 

equal to 

(a) its tensile strength 

(b) half the tensile strength 

(c) its compressive strength 

(d) principal stress 

(e) half the difference of tensile and compressive 
stresses. 

The longitudinal stress induced in a thin walled 

cylindrical vessel is 


carrying 


pD 
6) 


D 
Aye 
a 


A flat plate with fillets of radius r shown in Figure is 
: h 
subjected to tensile loading. As the value 7 


increases, the stress concentration factor will 





Flat plate fillets in tension. 


(b) increase 


(a) decrease 
(d) unpredictable 


(c) remain same 
(e) none of the above. 
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h . 
uh ases, 
In Figure of Problem 149, as the value 7 incre 


the stress concentration factor will 

(a) decrease (b) increase 

(c) remain same (d) unpredictable 

(e) none of the above. | 

The elongation produced in a tapered shaft with end 
diameters d, and d, due to tensile or compressive 
axial load is proportional to 








1 
(a) d, +d; OEE 
1 
(c) d;d, (d) id, 


1 
e) i. 
|da 
Shown in Figure, the effect of mean stress on the 


variable stress for failure. Which is correct curve 


Ox 


Variable 
stress 


$ 





—» Mean stress 


(a) curve A (b) curve B 
(c) curve C (d) curve D 
(e) curve E. 


The circumferential stress induced in a thin-walled 
cylindrical vessel is 
pD (p) PP. 

8) i At 
(c) pe (d) pD 

t 3t 
(e) pD 

6t 


The forces in the various members of a perfect frame 
can be found out from 


(a) method of joints 
(c) graphical method 
(e) none of the above. 
The maximum load to which fillet joint of length L 
can be subjected is equal to | 
(a) 0.7 x permissible shear stress x fillet size x L 
(b) 2 x permissible shear stress x fillet size x L 

(c) permissible shear stress x fillet size x L 


(6) method of section 
(d) any one of the above 


(q) Permissible shear stress x fillet size x L 

———— ee Ses A DUCE SIZE X Ly 

3 
(e) none of the above. 
A large cylindrical vessel was j 
e c sealed in summer. 

What is likely to happen to it in winter ? 
(a) nothing (b) explode 


(c) buckle and colla i 
pse (d) beco 
(e) seal will get loosened. ii AEN 
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Determine the smallest hole that can be punc 
a plate of thickness t if maximum crushing gt 
rine is 4 times the shear stress of plate. 


(b) t/2 
(a) t 
(e) 4t. 


Pressure vessels are not made of rectangular shape 
because 

(a) these are difficult to fabricate 

(b) they are not economical 

(c) they do not give pleasing appearance 

(d) it has been practice to use cylindrical vessels 
(e) none of the above. 

A spherical vessel with an inside diameter of 2 mig 
made of material having an allowable stress in 
tension of 500 kg/cm’. The thickness of a shell to 
withstand a pressure of 25 kg/cm? should be 


(a) 5 cm (b) 10 cm | 
(c) 2.5 cm (d) 1.25 cm | 
(e) none of the above. | 
Units of strain are 

(a) dimensionless (6) cm/cm 

(c) kg/cm?/cm (d) kg/cm 


(e) none of the above. 

A cylindrical bar of L metres deforms by / cm. The 
strain in bar is 

(a) L/L 

(c) 0.01 L/L 

(e) none of the above. 


A cylindrical steel bar having length of 0.25 m is 
subjected to a tensile force of 2000 kg. If stress and 
total elongation are not to exceed 1000 kg/cm? and 
0.01 cm respectively, and E = 2 x 10 kg/cm? then its 
cross-sectional area should be | 
(a) 2 cm? (b) 2.5 cm2 | 
(c) 2.25 cm? (d) 5 cm2 

(e) unpredictable. 


A rigid beam of negligible weight is supported 10 ê 
horizontal position by two rods of steel and 
aluminium, 2 m and 1 m long having values of cross 
sectional areas 1 cm? and 2 cm? and E of 2 x 10° kg/cm 
and 1 x 10° kg/cm? respectively. What is the g" i 
line for placing a load P on beam such thatit remains 
horizontal 
(a) forces on both rods should be equal 
(b) force on aluminium rod should be twice the forc? 
on steel 
(c) force on steel rod should be twice the forc 
aluminium 
(d) unpredictable 
(e) none of the above. 


In Problem 163, determine the position of P ai 
respect to steel rod, if beam length is 2 m d 
(a) in the middle of beam (b) 1.33 m from steel ™ 
(c) 0.67 m from steel rod (d) 1.66 m from steel 1 
(e) none of the above. 


(b) 0.1 U/L 
(d) 100 U/L | 


= ee ——E = 


e on 
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: A A load of 20,000 kg applied to a brass cylinder 40 em 
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d 10 cm in diameter caused the length 
0.8 cm and the diameter to Pst 005 
son’s ratio of brass is 

(6) 0.925 

(d) 2.5 


ong an 
increase 
cm. Pois 
(a) 0.29 


(e) 4. 

A load of 10,000 kg is supported on three columns 
two steel and one bronze, all of equal length and 
equal cross-sectional area of 10 cm2 initially. 
Determine temperature change necessary to just 
eve the bronze column of all stresses 


a, = 10 x 1076 cm/em/°C 
a, = 20 x 10-6 em/em/°C 
E,=2x 10° kg/cm? 
E, = 1x 10° kg/cm? 

(a) 25°C decrease 

(c) 1.25°C decrease 

(e) 1.25°C increase. 


e 


reli 


(b) 12.5°C increase 
(d) 2.5°C decrease 


167. A composite bar of copper and steel is heated. The 


ratio of tensile force in steel and the compressive 

stress in copper will be 

(a) 1.0 

(c) 2.0 

(d) in proportion of values E of copper and steel 

(e) inversely proportional to values of E of copper 
and steel. 


(b) 0.5 


168. A steel bar and a brass bar each of 1 metre length 


and cross-sectional areas 10 cm? and 20 cm?, each 
secured to a rigid support, are rastened at their free 
ends by a pin. If temperature drops by 25°C, the pin 
will be loaded by 
(a) 2500 kg 
(c) 250 kg 
(e) none of the above. 
Take a,= 10x 10- ê em/cm/°C 
a, = 20 x 10-6 em/em/°C 
E, = 2x 10° kg/cm? 
E, = 1x 10° kg/cm’. 


(b) 25,000 kg 
(d) 25 kg 


169, A composite bar made of steel and copper is heated 


= The stresses developed in steel and copper will 
e 

(a) compressive and tensile 

(b) compressive and bending 

(c) bending and tensile 

(d) tensile and compressive 

le) tensile and torsional. 


' “he relationship between modulus of elasticity £, 








modulus of rigidity G is 
(@) F= G1 + y) (b) G=E(2-2B) 
c)qg._ E G= 

NIFH OC Ty Bp 
e)G__2H 

1+2u 


Whe ; l 
re, u = Poisson’s ratio. 


171. 


172, 


173. 


174. 


175. 


176. 


177. 


178. 
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Volumetric strain of a rectangular body subjected to 
an axial force, in terms of linear strain e and Poisson’s 
ratio 4, is equal to 


(a) e (1 — 2u) 
(c) e (1 — 3p) 
(e)e (1+ 2p). 


A cube is subjected to three mutually perpendicular 
tensile stresses s, the volumetric strain will be 


(b)e(1-p) 
(d)e (1 +p) 


3s E 
(a) —(1-2 alg 


E 3s 
(c) a (2u — 1) (d) p - 1) 


S 


The Poisson’s ratio determined by taking readings 
when load is applied gradually compared to that 
taken with load applied at a faster rate would be 
(a) same (b) different 

(c) more or less same 

(d) depends on other factors 

(e) none of the above. 

Bulk modulus K in terms of modulus of elasticity E 
and Poisson’s ratio u is given as equal to 


a (b) EC — 2p) 


3(1 — 2u) 


(c) 3E(1 — 2p) (d) Ža + 2u) 


E 
—(1 — 3u). 
(e) 3 | u) 


A solid cube is subjected to equal normal forces of 
the similar nature on all the faces. The ratio of 
volumetric strain and linear strain in any of the three 
axes will be 


(a) 1 (b) 2 
(e) 3 (d) 43 


(e) a value dependent on Poisson’s ratio. 
A structural member subjected to an axial 


compressive force is called 
(a) beam (b) column 
(c) frame (d) strut 


(e) structure. 
The ratio of shear modulus to the modulus of 


elasticity if Poisson’s ratio is 0.25 will be 
(a) 0.4 (b) 0.25 

(c) 4 (d) 0.5 

(e) 2. 


Two solid shafts are made of same material and have 
their diameters D and D/2. The ratio of strength of 
bigger shaft to smaller one in torsion 1S 


(a) 4 (b) 2 
(c) 8 (d) 16 
(e) 32. 


Scanned by CamScanner 


lose coiled heli A 
. The elongation of a cic ical eii 
shaft of outer 186 subjected to tensile load is proportional to "ny | 
Sires (a) mean diameter of spring 
ocal of length of spring 





346 





179. The strain energy stored in a hollow ae 
and inner diameters D and d subjected to she 


s, and having modulus of rigidity C is equal to 








(b) recipr a | 
: 2d? n)di ire of COl 
(a) Ss Doei. x volume (c) diameter of wire n 
ios 2 (d) shear modulus of the materia of spring 
s? a= (e) reciprocal of mean diameter of spring. 
(b) 3G | D | x volume 187. The minimum thickness of a fiange forged at the x 
2 32 of shaft is determined by the 
(c) ie 5#] w voliie (a) compression between two flanges 
i (b) tightening of bolts 
2_ 42 i l 
(d) Se D` =" | x volume (c) fact that 1t must be sufficient to prevent th, 
2C 2 shaft from shearıng out of the flange on th , 


s ( D? +d" cylindrical surface 
A avons (d) any one of the above | 


4C D 
(e) maximum of the above. 





180. Compare the strengths of solid and hollow shafts both l | 
Having outside Taste D and hollow shaft having 188. Compression members tend to buckle in the direction | 
inside diameter of D/2 in torsion. The ratio of of | 

strength of solid to hollow shafts in torsion will be (a) axis of load | 
(a) 0.5 (b) 0.75 (b) perpendicular to axis of load 

(c) 15/16 (d) 0.25 (c) minimum cross-section 

(e) 1/16. 


(d) least radius of gyration 
(e) unpredictable. 
189. Moment of inertia of an area is always least with 


181. Torsion bars are in series 
(a) if same torque acts in each 
(b) if they have equal angles of twist and an applied 


torque apportioned between them respect to 
(c) are not possible (a) bottom-moask = 
(d) if their ends are welded together (b) radius of gyration | 
(e) none of the above. (c) central axis | 
182. 100 kW is to be transmitted by each of two separate (d) centroidal axis 
shafts. A is turning at 250 rpm and B at 300 rpm. (e) none of the above. | 
Which shaft must have greater diameter iSi. Torsion bars are in parallel | 
(a) A eee j | 
(b) B (a) if same torque acts on each af 
(c) both will have same diameter (b) if they have equal angles of twist and appli : 
(d) unpredictable torque apportioned between them | 
(e) none of the above. (c) are not possible | 
183. Torsional rigidity of a solid circular shaft of diameter (d) if their ends are connected together 
‘d’ is proportional to (e) none of the above. | 
(a) d (b) d” 191. When the external forces and moments that suppor | 
(c) + (d) dê an object can be found by the equations ° sta | 
72 alone, the object is said to be | 
(e) ER (a) free body 
do (b) statically determinate 
184. E araa eee sae ne to the average (c) statically indeterminate 
in case of a circular beam transmitti d)h 
power is equal to iii y SARR ASAS 
(a) 3/2 (b) 4/3 e) none of the above. be 
(c) 7/4 (d) 2 192. The reactions of each support of beam. ae 
(e ) 5/2. determined from following condition of equilib” 
185. The ratio of maximum shear stress to the average a ee sum of all vertical forces 15 = ro 
shear stress in a rect angular beam subjected to (b) algebraic sum of all horizontal forces }§ ze vat Ë | 
orsion is (c) algebraic sum of moments about any p 
` 3/2 (b) 4/3 Zero 
c) 7/4 (d) 2 (d) all of the above | 


(e) 5/2. 


at (e) none of the above. 
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s2 section modulus Z is expressed as 
(c) MII (d) EI 
(e) I, 


The section modulus of a circular sec 


: . tio 
axis through its c.g. is n about an 


3 3 
nd 
— (D) n 
(a) i6 T 
nd? nd? 
— (d) — 
© Ea “39 
3 
@ 


If the section modulus of a beam decre 
bending stress will 
(a) decrease 

(c) remain same 
(d) there is no such correlation 

(e) none of the above. 

For a given stress the ratio of moment of resistance 
of asquare beam with its sides horizontal, compared 
to when the diagonal is horizontal, is 


(a) 2 (b) J2 
(c) 1.2 (d) 1.5 


le) 2/2. 


The moment diagram for a cantilever beam subjected 
to bending moment at end of beam will be 

(a) rectangle (b) triangle 

(c) parabola (d) cubic parabola 

(e) elliptical. 

If the load at free end on a cantilever is increased so 
as to cause rupture, same will occur 

(a) below the load 

(b) at fixed end 

(c) between fixed end and centre 

(d) at centre 

(e) between centre and free end. 

Figure (a) shows a central load on a beam supported 
firmly at the ends. The bending moment diagram 
for it will be as shown in Figure (b), (c), (d) or (e) 
below: 


ases, then 


(b) increase 


NANNANSNA 


(c) 


200. 


201. 


202. 


203. 


204. 


205. 





(d) 


(e) 
(a) (b) 
(c) (d) 
(e) none of the above. 
Shear force at any point on the beam is the algebraic 
sum of 
(a) all vertical forces 
(b) all horizontal forces 
(c) forces on either side of the point 
(d) moments of forces on either side of the point 
(e) all of the above. 
Bending moment at any point is equal to the 
algebraic sum of 
(a) all vertical forces 
(b) all horizontal forces 
(c) forces on either side of the point 
(d) moments of forces on either side of the point 


(b) (c) 
(d) (e) 


- (e) all of the above. 


The rate of change of shearing force at any section is 
equal to the rate of 

(a) loading at that section 

(6) change of deflection at that section 

(c) change of bending moment at that section 

(d) integration of bending moment at that section 
(e) none of the above. 

Two equal length beams are fixed at their ends. One 
carries a distributed load and other carries same load 
but concentrated in the middle. The ratio of 
maximum deflections will be 


(a) 2 (b) 3 
(c) 4 (d) 6 
(e) 8. 


Two cantilever beams are of equal length. One carries 
a uniformly distributed load and other carries same 
load but concentrated at the free end. The ratio of 
maximum deflections is 

(a) 5/6 

(b) 2/3 

(c) 1/2 

(d) 1/3 

(e) 5/12. 

Two simply supported beams are of equal length. One 
carries a central load of W and other carries z 
uniformly distributed load such that total load is ; 
The ratio of maximum deflection in two cases 18 


(a) 8/5 (b) 8/6 
(c) 8/7 (d) 5/4 
(e) 2/1. 
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206. The rate of change of bending moment at any 


207. 





section 


is equal to the . 

(a) sharing force at that section | 

(b) rate of change of shearing force at that section 
(c) deflection at that section | 

(d) rate of change of deflection at that section 

(e) rate of loading at that section. | 
Figure (a) shows a beam supported at two ends with 
some overhanging portions and carrying uniform y 
distributed load. The bending moment diagram for 
it will be as shown in Figure (b), (c), (d) or (e). 


(a) (b) 
(c) (d) 


(e) none of the above. 


(b) (c) 
(d) (e) 


208. The moment diagram for a cantilever beam carrying 


uniformly distributed load will be 


(a) rectangle (b) triangle 
(c) parabola (d) cubic 
(e) elliptical. 


209. The reaction in the case of hinged support 


210. Ifthe shear force is ZeTO 


211. 





(a) acts perpendicular to beam 

(b) perpendicular to surface of hinge 
(c) along the surface of beam 

(d) opposite to the direction of load 


(e) in any direction depending upon the loads 


alo : 
that section will þe ng a section, the M.B. at 


(a) minimum (b) maximum 
( 

c) zero (d) could have any value 
aximum. 
na fixed bea 
ributed load 

(b) 1/3 


(d) 1/6 


(e) either minimum or m 
Zero bending moment j 


carrying uniformly dj 
(a) 1/2 — 


(c) 1/4 
(e) none of the above. 


m of length ‘P? 


will occur at 


212. 


213. 


214. 


215. 


216. 


217. 


218. 


219. 


220. 


MECHANICAL ENGingr, fl 
NEER | 


If a beam is cut in halves horizontally and the, 
halves laid side by side then the later in compari | 
to the original beam will carry E 
(a) same load (b) double load 

(c) half load (d) one fourth load 

(e) four-times load. 

The bulk modulus of a material is defined as the a 
of 7 

(a) volume change to modulus of elasticity 

(b) stress intensity to volumetric strain 

(c) volume change to original volume 

(d) pressure applied to the change in volume 

(e) volumetric strain to the stress intensity, 

A beam is fixed at one end and freely supported a 
the other end. A load acts in the centre, The | 
maximum bending moment will occur at 
(a) under the load 

(b) fixed end (c) supported end 
(d) between centre and fixed support 

(e) between centre and free end. 


0 


Strength of a beam is directly proportional to its 
(a) length (b) depth 

(c) width (d) moment of inertia 
(e) all of the above. | 
Strength of a beam is proportional to the square of | 
its 

(a) length 

(c) width 

(e) none of the above. 
Section modulus of a rectangular beam is equal to 


(a) Width (b) x (depth) (h?) 





(b) depth 
(d) moment of inertia 





6 
hb2 24 2 
(b) 6 (c) ee 
> 6 
bh z 
(D hb” 
19 (e) Th 


Section modulus of solid circular rod of diameter 4 | 
1S equal to | 


diameter ‘g’ and wall thickness ‘f? is equal to 


4 
(a) gi (b) taq? 


4 
(©) dt? (d) >a? 
(e) > a. 

4 


yl 
Moment of a beam is defined as its section mod 


| 
| 

. e 
Section modulus of hollow circle with 5 
| 

| 

multiplied by | 
f 


Scanned by CamScanner 






X 


221. 


222. 


223. 


224. 


225. 


226. 


227. 


228, 


i NEERING MECHANICS 


(b) stress 
(d) coefficient of elasticity 


(a) moment of inertia 
(c) strain 

(e) half the depth. 

If a freely supported beam at its ends is loaded by a 
central concentrated load, then maximum moment 
is M. If the same weight be equally distributed over 
the beam, then its maximum moment will be 


(a)M (b) M/2 

(c) M/3 (d) M/4 

(e) 2M. 

The point of contra-flexure occurs only in 


(a) cantilever beams (b) overhanging beams 
(c) simply supported beams 

(d) continuous beams (e) uniform beams. 
Maximum shearing stress planes are inclined at the 
following angle to the principal planes 

(a) at 45° (b) at 90° 


(c) at 225 j 


(d) depends on the magnitude of the loads 

(e) none of the above. 

The point of inflexion or contra-flexure is the point 

where 

(a) bending moment diagram changes sign 

(b) stress is minimum 

(c) deflection changes sign 

(d) shear force and bending moment cross each 
other 

(e) bending moment is maximum. 

The bending moment on a section is maximum where 

shearing force 

(a) is maximum 

(c) is equal 

(e) is zero. 

In a fixed beam carrying a central load in the middle, 

the bending moment will be zero at a distance of 

(a) length of beam (l) (b) 0 

(e) 1/2 (d) 1/4 

(e) 1/3 . 

Figure below shows a simply supported beam of 

length which carries a concentrated load W at C, 

distance ‘a’ from support A and ‘0’ from support B. 

The maximum deflection occurs at point 


(b) is minimum 
(d) changes sign 


(a) A (b) C 

(c) B (d) between A and C 

(e) between C and B. 

In above Figure, the maximum deflection occurs at 


following distance from B 


] 12 _ Qa? 
(a) 3 (b) 3 


229. 


230. 


231. 


232. 


233. 


234. 


235. 


236. 























_ 2 1? = az 
Ce (d) 
3 3 
Pb" 
(e) 5 
In Figure of Problem 227, the deflection at C is 
Wr? Wa?b? 
ean 
œ TBE ©) “SRI 
3 
Wa 2 _ ~2)3/2 SW 
(c) > SETI (/4 —a*) (d) 384 EI 
le) Wva°b? 
48EI 


The rate of change of bending moment is equal to 
(a) shear force at that section 

(b) deflection at that section 

(c) loading at that section 

(d) slope at that section 

(e) intensity of loading at that section. 

For a beam of uniform strength, if its depth is kept 
constant, then its width will vary in proportion to 


(a) bending moment (M) (b) JM 

(c) M? (d) 1/M 

(e) none of the above. 

A beam is said to be of uniform strength, if 

(a) B.M. is same throughout the beam 

(b) shear stress is same throughout the beam 

(c) deflection is same throughout the beam 

(d) bending stress is same at every section along its 
longitudinal axis 

(e) none of the above. 

In a continuous curve of bending moment, the point 

of zero bending moment, where it changes sign is 

called 

(a) the point of inflexion 

(b) the point of contra-flexure 

(c) the point of a virtual hinge 

(d) all of the above 

(e) none of the above. 

- reinforced cement concrete beam is said to be made 

o 

(a) homogeneous material 

(b) heterogeneous material 

(c) isotropic material (d) all of the above 

(e) none of the above. 

The steel bars in reinforced cement concrete beam 

are located at 

(a) top 

(c) centre 

(e) uniformly distributed. 

When a rectangular beam is loaded longitudinally, 

shear develops on 

(a) every horizontal plane 

(b) every vertical plane 

(d) bottom fibre 


(b) bottom 
(d) neutral axis 


(c) top fibre 
(e) middle fibre. 
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(c) unit stress remains constant 


ci throughout he above remain constant 
t section 1S sub) ected one d) all of the ; 
ose i a pn bending moment, it will bend i any of the above remains constant, 
1 . 
i fi ‘dth ; 

o arabolic arc 247. Fora cantilever ca . PERTO IN plan any 
(a) a circular arc (6) a pare iani loaded by a concentrated t le end, the Profi 
(c) a catenary (d) elliptical shap of the shape of the beam in elevation, in ordern 


h . ert a 

ie) poner he ¿il beam beam is of uniform strength, should be hat 
i er 

938. The shear force diagram for a cantlev 


- (b) triangular ' 
. (a) uniform depth | 
carrying a uniformly distributed load over its length ei parahia (d) cubic parabola ; 
is a f the above. | 
(a) triangle iE) meee “ie beam of uniform depth in el] | 
(c) hyperbola (d) parabola 248. Fora cantilever he evatin 
c 


and loaded by concentrated load at the enq, | 
profile of the shape of the beam in plan in order tha 
beam is of uniform strength, should be : 


(e) cubic parabola. 


239. The rate of change of shear force at any section 1S 
equal to 


er e (b) loading (a) uniform width > Sas : 
: la cubic parabola 
: : : din (c) parabo | 
oa (d) intensity of loading jo) acne ok thoabove: | 
e) slope. . l | 
240. The moment diagram for a cantilever beam whose 249. Point of apenas in , 
free end is subjected to a bending moment will be (a) simply BUD ROR it g 
(a) triangle (b) rectangle (b) beams carrying ja — rom zero at one | 
(c) parabola (d) cubic parabola end to maxımum at otner 
(e) circular arc. (c) cantilevers 
241. Two beams have same width but one beam has (d) overhanging beams (e) any type of beam. 
double the depth of the other. The elastic strength 250. The bending moment diagram will be a cubic 
of double depth beam compared to other beam will parabola in the case of a cantilever loaded as follows 
be (a) bending moment applied at free end 
(a) double (b) four times (b) concentrated load at the end 
(c) six times (d) eight times 


(c) uniformly distributed load 


(d) varying load, zero at free end and maximum 4 
fixed end 


(e) uniformly distributed load and concentrated 
load at free end. 


(e) none of the above. 


242. The ratio of deflection of two identical beams 
subjected to a central load W, but one fixed at both 
ends and other supported freely will be 


er Ee 


(a) 1/2 (b) 1/3 251. The moment diagram for a cantilever beam carrying 
(c) 1/4 (d) 1/8 linearly varying load from zero at free end to 
(e) 1/16. 


maximum at supported end will be 
(a) rectangle (b) triangle 


243. Two beams have same depth but one beam has 
double the width of the other. The elastic strength 


i (c) parabola d) cubic parabola 
of double width beam compared to other beam will ĉe) elliptical (d) cubic p 
be j l 
(a) same (b) half 252. In the case of cantilever, irrespective of the type o 
(c) double (d) f loading, the maximum bending moment 4” — 
(@) none of the.abov one-tourth maximum shear force occur at | 
e. (a) free end (b) under the load | 
244. Two beams have same width and depth. The span of 


(c) fixed end (d) middle 


one is twice the span of other. The elastic strength (e) any point 


of longer span beam compared to other beam will be 


-.-dinally 
(a) same (b) half =o Mee a rectangular beam is loaded longitudin®!! 
(c) double d) one. shear develops on _ 
(e) none of the above. iii (a) top fibre (b) middle fibre tal plav’ 
245. The moment diagram for a cantilever beam carrying E bottom fibre (d) every hor1zon 
concentrated load at end of the beam will be VOTCA nite: 


(a) rectangle (b) triangle 254. When shear force along a section is zero 
(c) parabola 


n (a) B.M. is maximum or minimum 
(e) elliptical. oe eae Dran i 
246. Beams of uniform 


the strength so vary in section that value A E DEE a 


(d) B.M. is infinity 
(e) B.M. is unpredictable. 






A bending moment remains constant 
) deflection remains constant 


pum | 
| 
| 


h 
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258. 
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260, 
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t 
f 
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en 
„ximum compressive stress develops on 


(a) bottom fibre (b) top fibre 

(c) neutral axis (d) every cross-section 

(e) middle fibre. | 

Coefficient of cubical expansion is 

(a) equal to the coefficient of linear expansion 

(b) twice the coefficient of linear expansion 

(c) thrice the coefficient of superficial expansion 

(d) 1.5 times the coefficient of superficial expansion 

(e) 0.75 times the coefficient of superficial expansion. 

Hoop stress in thin walled cylinder is 

(a) compressive stress (b) radial stress 

(c) circumferential tensile stress 

(d) longitudinal stress 

(e) shear stress. 

When a strip made of iron and copper is heated 

(a) it does not bend (b) it gets twisted 

(c) it bends with iron on concave side 

(d) it bends with iron on convex side 

(e) none of the above. 

Modulus of resilience is 

(a) property to resist shocks 

(b) the property to store energy without undergoing 
permanent deformation 

(c) an index of elasticity 

(d) an index of compressibility 

(e) property to withstand heavy pressure. 

During the tensile test of a glass rod the nature of 

stress-strain curve is 

(a) straight and drooping (b) sudden break 

(c) straight line (d) parabolic 

(e) none of the above. 

During impact loading the stress developed as 

compared to gradually applied load is 


(a) 1.5 times (b) 2 times 

(c) 2.5 times (d) 3 times 

(e) 4 times. l 
In a laminated spring the strips are provided in 
different lengths for 

(a) equal distribution of stress 

(b) better look (c) light in weight 


(d) ease in installing (e) none of the above. | 
Ratio of thickness to diameter for thin cylinder 13 


(a) 1/10 (b) 1/15 
(c) 1/20 (d) 1/40 
(e) 1/30. 


al strain is 
he cylinder, 
are related 


i is be assumed that the longitudin 
pnstant at any point in the thickness oft 


en radial stress s, and hoop stress S, 
as follows 


Q ea ant 
) s, ~ S, = constant (b) s, + 5, = panas 
S —s 
e) & nS h — ant 
02- constant (d) —-—* = const 
Sh A 
(e) S, ~ Sh 


RTA = constant. 


a rectangular beam is loaded transversely, the | 


265. 


266. 


267. 


268. 


269. 


270. 


271. 





ees SALE the tie AA 

© hoop stress of a th} i 

Pa T a a aa cylinder is considered at 
(a) near centre 

(c) inner radius 

(d) depends on the type of loading 
(e) none of the above. 


eP stress in a thin cylinder of diameter d and 
ickness ¢ subjected to pressure p will be 


(a) pd 
4t 


(b) outer radius 


(p) Pe 
t 


(d) =" 


In a thin cylinder, all along the thickness of the 

cylinder 

(a) hoop stress and longitudinal stress are almost 
constant 

(6) hoop stress and longitudinal stress are equal 

(c) hoop stress is constant and longitudinal stress 
varies considerably 

(d) longitudinal stress is constant and hoop stress 
varies considerably 

(e) both hoop stress and longitudinal stress vary 
considerably. 

In a thick cylinder along the thickness of the cylinder 

(a) hoop stress and longitudinal stress are almost 
constant 

(b) hoop stress and longitudinal stress are equal 

(c) hoop stress is constant and longitudinal stress 
varies considerably 

(d) longitudinal stress is constant and hoop stress 
varies considerably 

(e) both hoop and longitudinal stresses vary 
considerably. 

The stresses at any point in the thick cylinder are 

(b) compressive 

(d) compound 


(a) tensile 
(c) shear 

(e) principal. 
According to Lame’s equation, hoop stress for a thick 
cylinder at any point at a radius r from centre 1s 


equal to 


b 
ata (6) “5-4 
b 
waa (d) —-a 
r r 
b 
— +a. 
(e) = Kaa 


he stress can be uniformly 


. X d l t 
In thick cylinders e sare y the metho J of pre 


distributed over the thi 
stressing as follows 

(a) self-hooping 

(b) constructing laminated c 
(c) shrinking hollow cylinder over ma 
(d) any one of the above 

(e) none of the above. 


linders 
4 in cylinder 
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272. The longitudinal stress in a thick cylinder of 
diameter d, thickness t and subjected to pressure p 


will be 
pd p) Pd 
(a) avr 
2pd 
(c) ee (a) =Pe 


(e) none of the above. 


273. The radial pressure and hoop tension in case of thick 
cylinder is 


274. 


275. 


276. 


277. 


278. 





(a) maximum at inner surface and decreases 


towards outer surface 


(b) minimum at inner surface and increases 


towards outer surface 


(c) minimum at inner and outer surfaces and 
maximum in middle 


(d) maximum at inner and outer surfaces and 
minimum in middle 

(e) none of the above. 

Thin cylindrical shell of diameter d and thickness t 


is subjected to internal pressure p. Poisson’s ratio of 
aa is u . The circumferential or hoop strain is 


(a) a- 2u) Bo i 2u) 


4tE 


TOR S 
ozi n) ) Eo 


pd(, 1 
o PE(1-3n] 


In pi case the longitudinal strain is 

(a) Pea- 2u) (b) Pea- 2u) 
pdfl_ (d z(a ) 

j sae n) E2" 


pd 1 
E i E o 
1l UE ( 2" 
If the hoop strain and longitudinal strain in case of 


a thin cylindrical shell aree, and e,, then volumetric 
strain is equal to 


(a)e, +e, (b) 2e, + 2e, 
(c)e + 2e, (d) 2e, — e; 
(e) 2e,- 


The design of thin cylindrical shells is based on 
(a) hoop stress (b) longitudinal stress 
(c) volumetric stress 


(d) average of hoop and longitudinal stress 
(e) all of the above. 


The volumetric strain in case of cylindrical shell of 
diameter ‘d’ and thickness ‘t’ , Subjected to internal 


pressure p , having coefficient of elasticity E and 
TR s ratio u is equal to 


OE Pe- ) b) — 

u (b) E°- 2u) 
(c) Ba- 3u) (d) PE- 4u) 
(e) Pea- 5p). 


284. A composite shaft, consisting of two stepped P 


‘of 
rv? 
285. A composite shaft, consisting of two stePP ed Pgo 


























MECHANICAL Evy, F 
279. In above case, the ratio of longitudina] io: P NE 
strain is o umep f 
if A 
— Au o— 4u | 
= t= | 
o- as (q) += 2h | 
— 5u 3— 4u 
-4 | 
TE x 
1-2u | 
280. In above case the ratio of longitudina] Strain to} : 
strain is Ki 
_9 = 
(a) a (Sema 
2- 1- 2u 
E 2u +1 
d 
(c) + a (d) 1-2 
1+2 
(e) = 
2+ 


281. Auto frettage is the method of 


(a) calculating stresses in thick cylinders 
(b) relieving thick cylinders 

(c) prestressing thick cylinders 

(d) increasing life of thick cylinders 

(e) joining thick cylinders. 


282. Proof load for springs is the maximum load thatit 


can undertake 


(a) without producing permanent deformation in | 
spring material | 

(6) upto elastic limit | 

(c) upto yield point 

(d) to straighten fully the leafs of a carriage rit | 

(e) to satisfy fatigue requirements. 


283. Ifall the strips of a leaf spring are made of the sane 


length then it would result in 


(a) uniform distribution of shearing force 
(b) uniform deflection 


wo 
(c) maximum capability of taking maxi? 
bending moment 


(d) uneconomical use of spring material 
(e) spring of uniform strength. 


ortio® 


twee? | 
having spring constants of k, and kg, is held be rik 


a 
S 
two rigid supports at snide Its equivalent p! | 
constant is 


(a) titt (b) Ryko 


kı + ko 
(c) k; + k, (d) hia 
1 


(e) none of the above. 


pi 


at one end and other end is free and t is 
torque T. Its equivalent spring constan 


e 3 
having spring constants of k, and kg, 1  pjected v 





mii hle 
(a) 45 ©) thy. 
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287. 


288. 


289. 


290. 


291, 


292, 





, Ifa shaft of radius r and polar m 


4 gineeRING MECHANICS 


| 
(a) “1+ %e 


(e) none of the above. 


oment of inertia J 
be subjected to bending moment M and torque T 


then maximum combined shear and bending stress 


is equal to 
(a) FVM? +T? (b) Y [MTE 
r 
(d) L fip Ta 


A torsion bar with a sprin 


8 constant k is cut into n 
equal lengths. What is th 


e spring constant of each 


portion 

(a) kin (b) Vk 
(CR? (d) nk 
(e) nè. 


Two identical springs of spring constant k in series 
are attached in series with a parallel combination of 
two identical springs of spring constant k. The overall 
equivalent spring constant is 

(a) 2.5k 
(c) 0.4 k 
(e) 0.2 k. 


Two identical leaf springs of spring constant k are 
arranged like cantilevers in parallel and attached 
at free end by a spring of spring constant k. The 
equivalent spring constant of combination is 


(b) 1.25 k 
(d) 0.8 k 


(a) 2.5 k (b) 1.5 k 
(c) 0.4k (d) 0.75 k 
(e) 3 k. 

An overhanging beam is 


(a) same as cantilever 

(b) not same as cantilever 

(c) one which extends beyonds its support at either 
end 

(d) one which extends beyond its support at both 
ends 

(e) none of the above. 

Neutral plane of a beam 

(a) is in the middle 

(b) passes through the c.g. 

(c) is one whose length remains unchanged during 
the deformation 

(d) lies at bottom most fibre 

(e) none of the above. 

Section modulus is defined as 


W p 
(a) —k2 b) — 
gy b) Sv 


(c) M.I 


ti 
M.I 


(e) —— 
y? 


(d) EyA A 


293. If the thickness and width of each plate of a 


294. 


295. 


296. 


297. 


298. 


299. 
300. 


301. 





laminated spring be £ and w respectively, then its 
moment of inertia is equal to 


3 
ib) E 
12 


tw? 
d hae 
2 (¢) 12 


The load taken by a laminated spring to make it flat 
is called 


(a) ultimate load 
(c) bending load 
(e) yielding load. 


Beam of uniform strength can be obtained by 

(a) keeping depth constant throughout the length 
and varying the width suitably 

(6) keeping the width constant throughout the 
length and varying the depth suitably 

(c) varying both the depth and width suitably 

(d) any one of the above 

(e) none of the above. 


When a beam is loaded, the horizontal or longitudinal 
shear should be accounted for materials like 

(a) mild steel (6) concrete 

(c) cast iron (d) wood 

(e) lead. 


According to Hooke’s law, stress and strain 
(a) are directly proportional 

(6) are inversely proportional 

(c) are curvilinearly related 

(d) have unpredictable relationship 

(e) none of the above. 

Radius of curvature of a stres 
of elasticity 

(a) are directly proportional 
(b) are inversely proportional 
(c) are curvilinearly related 
(d) have unpredictable relati 
(e) none of the above. 


Stress in a beam and the second modulus 
(a) are directly proportional 

(b) are inversely proportional 

(c) are curvilinearly related 

(d) have unpredictable 
(e) none of the above. 
Stress in a beam and moment 

(a) are directly proportional 

(b) are inversely proportional 

(c) have curvilinearly related 

(d) have unpredictable relationship 
(e) none of the above. 


In an unsymmetrical bea 
compressive stress 
1200 kg/cm? 


(b) proof load 
(d) maximum safe load 


sed beam and modulus 


onship 


relationship 


m, the maximum 
at top was measured as 
and the maximum tensile stress at 
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7 inertié a square of side 
bottom was 300 kg/cm? If the beam is 3 cm deep, the 310. ee : inertia of a square of side d about n 
neutral axis from top will be at a) d'n? (b) d/24 
(a) 6 cm oda (c) d4/18 (d) d/8 
(c) 2 cm (d) 6.4 cm (e) d4/16. 
e) 3.2 cm. —_— . Dih nari 
302. ad steel bars in a concrete beam are embedded 311. Principal piano ciii which carries 
E (a) no shear stress 
(a) uniformly (b) near bottom section (b) maximum shear stress 
(c) in the centre (d) near top section (c) no normal stress 
(e) anywhere. l (d) maximum resultant of stresses 
303. The point on a beam where shearing force changes (e) no resultant of stresses. 
sign is known as the point of 312. For biaxial stress the maximum shear stress oe 
(zepo sabe (b) uniform strength on plane inclined at following angle to the BN 
(c) no load (d) neutrality normal plane Pa 
(e) none of the above. (a) 90° (b) 45° 
304. The point of contraflexure is a point where (c) 145° (d) 135° 
(a) shear force in zero (e) none of the above. | 
(b) shear force changes sign 913. On the planes having maximum or minimun | 
(c) bending moment changes sign principal stresses, the tangential stress will be | 
(d) bending moment is maximum (a) minimum (b) maximum | 
(e) beam is liable to break. (c) zero (d) infinity 
305. A cantilever beam is deflected by d due to load P. If (e) some value depending on magnitude of two 
load is doubled then deflection compared to earlier stresses. 
case will be changed by a factor of 314. Maximum shear stress in a Mohr’s circle is 
(a) 2 (b) i (a) equal to radius of Mohr’s circle 
2 (b) greater than radius of Mohr’s circle 
(c) 1 (d) 8 (c) less than the radius of Mohr’s circle 
8 (d) could be any of the above 
(e) 4. l l (e) none of the above. 
306. The maxımum shear stress 1n Mohr’s circle will act 315. The normal stress on an oblique section of a body 
at following angle to the principal plane subjected to a direct stress o in one plane, if 8 be the 
(a) 0° (b) 30° inclination of the oblique section with normal to the 
(c) 45° (d) 60° stress, is equal to 
(e) none of the above. (a) o cos 0 (b) 62 cos 8 
307. A cantilever beam is deflected by d due to load P. If re) 
beam depth is doubled, then deflection compared to (c) 5 o (d) o cos 20 
earlier case will be changed by a factor of (e) © cos? 0. 
(a) 2 (b) i 316. Ifa principal plane be subjected to maximum print" | 
í 2 pal stress, then shear stress on this plane W! i 
(c) 3 (d) 8 (a) zero (b) maximum | 
(e) 4. (c) minimum (d) infinity | 


(e) any value. 


308. A cantilever beam is deflected by d due to load P. If 317. In Mohr’s circle radius is taken as 


beam width is doubled, then deflection compared to 





earlier case will be changed by a factor of c.-c,) 
1 (a) | ==>} 46,2 @) =o 
(a) 2 (b) = 2 > 


1 
(c) = (d) 8 (c) lo, —,)? + (ty)? (A) 





(e) 4. 
. _ 2 
309. A cantilever beam is deflected by d due to load P. If (e) mer (aa) 
length of beam is doubled, then deflection compared 2 D sensil 
to earlier case will be changed by a factor of 318. If a prismatic bar is subjected to direct es ý 
(a) 2 œ) 2 stresses 6, and o, on two perpendicular o incli" 
2 


i i at 6 to vertical is 
8 (d) 8 Gt 0, 


fi OG, — 
a (e) 4. ian: eal Ea cos 20 — Ty sin 28 
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(b) far sin 20 + T y COS 20 


323. o 
23. In above case, planes of maximum shear are located 
at following angle to each other 


(a) 90° (b) 30° 
(c) 45° (d) 60° 
(e) 0°. 


324. In above case, the planes of maximum shear are 
inclined at following angle to the principal planes 





























(e) none of the above. (a) 0° (b) 30° 
long the plane i (c) 45° (d) 60° 
319. The stress a ong the plane in above case is (e) 90° 
6.+6, 6,-9 i 
(a) hat ie: aa = cos 20 — ly sin 29 325. Maximum shear stress in Mohr’s circle is equal to 
2 (a) radius of circle (b) diameter of circle 
b) 0- Oy 23 96 4 t, cos 20 (c) centre of circle from y-axis 
2 (d) chord of circle (e) none of the above. 
6, +6 326. Maximum shear stress in a body subjected to two 
(c) 7 perpendicular stresses 6,, 6, and shear stress T,, is 
equal to 
o, + o, -0,Y _ 
(d) 2 (a) [= T (Tay)? (b) Ia- 9y 5 °y 
(e) none of the above. ie aie 
320. The maximum principal stress in above case is (c) y(6, -9 y + (Try) (d) — + (Ty) 
o,+6, O= Oy — 
bar es A _ 2 
(a) z ta ees 26 — t,,, sin 20 w (0, -05) a). 
6,-6, . 2 
(b) — 9 ~ sin 20 + T, cos 20 327. Ifo, and o, be the major and minor tensile stresses, 
| then maximum value of tangential stress is equal to 
(c) 227 Py (a) 6, (b) 6, 
2 (c) 01- 03 (d) 6, + 03 
61-06 
giy © 27: 
2 328. If a prismatic bar be subjected to an axial tensile 
(e) none of the above. stress © , then the shear stress induced on a plane 


821. The minimum principal stress in above case is inclined at angle 0 with the axis will be 


6. +6 6. -06 . © . o . 

(a) —— +2» sin 20 — t, sin 20 (a) 5 sin? 0 (b) > sin 20 

o,-60 (c) o sin? 8 (d) o cos? 0 
Z sin 20 + t,, cos 20 


(b) 









o 
(e) 3 cos? 0. 


©, tO E 
(c) iar a + 329. In Mohr’s circle, centre of circle from y-axis 1s taken 








at 
6, + Oy 
(a) 6, + ©, (b) z ty 
+ o, -06O 
(e) none of the above (c) Ss Se (d) == 
322, Th eae j 1 2 2 
e principal stresses in above case occur at angle nA 
of le) 0, +6, 
4 
(a) tan- 1 2T ry (b) 1 tant |= EZD 330. Shear stresses on mutually perpendicular planes are 
= x — Oy Ox — 9y (a) zero (b) minimum 
1 or (c) maximum (d) equal 
(c) = tan-1 oz Sy 1 -1 - ED (e) none of the above. 
——— d) — tan 
3 2 xy 2i 2 Ox Fy 331. If one principal stress be zero at a point, then other 





) 3 principal stress compared to the maximum shear 
P 2 tani |12], stress at that point will be 
a 
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(a) same (b) twice 
(c) 14 (d) 24 
(e) half. 


332. The shear stress along the principal plane subjected 
to maximum principal stress 1s 
(a) minimum (b) maximum 
(c) zero | 
(d) any value depending on loading conditions 
(e) negative. 
333. Mohr’s circle is used to determine the stresses on an 
oblique section of a body subjected to 
(a) direct stresses in two mutually perpendicular 
directions 
(b) a direct stress in one plane alongwith simple 
shear stress 
(c) direct stresses in two mutually perpendicular 
directions accompanied by a simple shear stress 
(d) all of the above (e) none of the above. 
334. The planes of minimum shear stress with reference 
to principal planes are located at 


(a) 0° (b) 225° 
(c) 45° (d) 90° 
(e) 135° . 


335. The normal stress on the planes of minimum stress 
in the cases of plane stress problems will be 
(a) zero (b) maximum 
(c) half the difference of 
perpendicular stresses 
(d) principal stress 
(e) none of the above. 
336. The extremities of any diameter on Mohr’s circle 
represent 
(a) principal stresses 
(b) normal stresses on planes at 45° 
(c) shear stresses on planes at 45° 
(d) normal and shear stresses on a plane 
(e) none of the above. 


two mutually 


337. The normal stresses on planes of maximum shear 
stresses in the case of plane stress problems will be 


(ay 2 Sz. Sta ee @) 21, 22 
2 a” 2 
(c) zero (d) Oj» O3 


(e) principal stresses. 


338. In case of pure shear at a point, the sum of normal 
stresses on two orthogonal planes is equal to 
(a) maximum shear stress 
(b) twice the maximum shear stress 
(c) half the maximum shear stress 
(d) zero 
(e) none of the above. 
339. The principal stress in the case of pure shear will be 
equal in magnitude 
(a) and similar in nature 
(b) but opposite in nature 


340. 


34l. 


342. 


343. 


344. 


345. 


346. 


MECHANICAL ENN, w: 


(c) to half the maximum shear stregs 
nature 

(d) to half the maximum shear stre 
in nature 


a ‘ ; 
and simil, 
i 


58 but posi 


(e) Zero. 

Ten cubical blocks of size 25 cm x 25 cm x 9r, 
held together by a horizontal force of 50 ky to i an 
beam. What is the greatest force P that ei | 
vertically at the mid span. Weight of bricks San 


neglected. be | 
(a) 50 kg (b) 10 kg 

(c) 5 kg (d) 3.34 kg 

(e) 6.68 kg. 


Two loads P act at right angles to one another at th 

free end of a cantilever beam having square a 

section d x d and length / on the vertical and 

horizontal faces. Maximum bending stress in the 

beam will be equal to 

(a) 12 Pl/d? 

(c) 6 Pl/d? 

(e) 3 Plid? . | 

In a fillet weld, the maximum load that can be | 

applied is equal to 

(a) permissible shearing stress (s,) x fillet size x 
fillet length (L) 

(b) 0.707 s, x fillet size x L 


s, x fillet size x L 

2 
(d) 2 x s_ x fillet size x L (e) none of the above. | 
For eccentrically loaded struts | 
(a) solid members are preferred | 
(6) hollow members are preferred 
(c) both are equally good 


(d) reinforced members are preferred 
(e) none of the above. 


In eccentrically loaded members, a neutral axis ca? 
be drawn by joining the points which represent 7 
greatest permissible eccentricity in each coordi : 
direction. By symmetry, four neutral axes exist P 
the section : these lines form the boundaries of4 ý 
known as kern. Compressive forces acting within | 
kern of a section 
(a) cannot produce tensile stress | 
(b) will sometimes produce tensile stresses 

(c) will always produce tensile stresses 

(d) are zero (e) none of the above. 
The ratio of maximum shear stress and ave 
stress in a circular section is 

(a) 1 (b) 1.25 : 
(c) 1.5 (d) 4/3 | 
(e) 2. 
The stress at the boundary of the kern is 
(a) maximum (b) minimum 
(c) zero (d) any value 
(e) none of the above. 


(b) 24 Pl/d? 
(d) 18 Pl/d? 


(c) 


| 


ape | 


$ 
| 
4 


| 
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Le 2) 


go. 


Ls) 


349. 


350. 


just 


351. 


302. 


353. 


354, 


355 


356, 


ular section of diameter D is a concentri ‘ 
having a diameter of 

(b) D/2 

(d) 3 D/8 


ofacire 


(a) D/4 
(c) DI 


(e) none of the above. 
o minimum limiting load at which the column 


tends to have lateral displacement is known as 


(q) critical load (b) crippling load 
(c) buckling load (d) any of the above 
(e) none of the above. 


tower is to be designed to have same compressive 
t all sections under a load and its own weight; 
tion should be of shape 
(b) taper 

(d) hyperbolic 


A 
stress a 
its cross Sec 
(a) uniform 
(c) parabolic 

(e) none of the above. 
The slenderness ratio for long columns is 

(a) less than 32 (b) 50-60 

(c) 80-100 (d) less than 120 

(e) more than 120. 

For keeping the stress wholly compressive, the load 
may be applied on a circular column of diameter ‘d’ 
anywhere within a concentric circle of following 


diameter 


(a) d/2 (b) d/3 
(c) d/4 (d) d/8 
(e) d/10. 


The slenderness ratio of a vertical column of square 
cross-section of 2.5 cm on edge and 3 m long is 

(a) 120 (b) 240 

(c) 416 (d) 550 

(e) none of the above. 

If the slenderness ratio of a colu 
itis known as 

(a) short column 

(c) long column 

(e) none of the above. 
The equivalent length of a column support 
at both ends is 
(a) 2] 

(c) 


(e) none of the above. 


mn is less than 32, 


(b) medium column 
(d) extra long column 


ed firmly 


(b) 0.71 
(d) 0.51 


: The equivalent length of a column supported firmly 


at one-end and free at other end is 
a) 2 (b) 0.71 


(c) ] (d) 0.51 
le) none of the above. 


A cantilever carrying a uniformly distributed load 


ad ‘6 per unit length is propped at its free end. The 
action at the prop will be 
a (b) 9 
O= 3wl 
(d) 3 
(e) Sw! 
5 


357, 


358. 


359. 


360. 


361. 


362. 


363. 


364. 






357 


Int : 
the he above problem if prop is installed in the middle 
n reaction at the prop will be 


<a) wl (b) 
wl 
Bwl i 
(e) a, 
8 


A certain high tensile strength steel has a modulus 

of elasticity of 2 x 10° kg/cm? and a yield point stress 

of 6,000 kg/cm?2. Find the minimum limiting value of 

the slenderness ratio for which Euler’s equation is 

valid 

(a) 99 

(c) 75 

(e) none of the above. 

The extension of a uniform bar produced by its own 

weight as compared to that produced by the load 

equal to self weight of bar, applied at free end is 

(a) same (b) half 

(c) one-fourth (d) double 

(e) four times. 

Three beams have the same length, the same 

allowable stress and the same B.M. The cross-section 

of the beams are a circle, a square, and a rectangle 

with depth twice the width. Weightwise best section 

in order of merit will be 

(a) circle, square, rectangle 

(b) rectangle, square, circle 

(c) square, circle, rectangle 

(d) rectangle, circle, square 

(e) square, rectangle, circle. 

A beam of uniform strength is one in which 

(a) B.M. is same throughout the beam 

(b) deflection is same throughout the length 

) the bending stress is same in every section along 
the longitudinal axis 

(d) shear stress is uniform throughout the beam 

(e) none of the above. 

In a beam of uniform strength, if depth is kept 

constant, then its width varies in proportion to the 

(a) Bending moment (M) (b) M? 


(c) JM (d) 1/M 
(e) none of the above. 

Strain rosettes are used to 

(a) produce strains for testing purpose 

(b) relieve strain in heavily loaded components 
(c) measure strain 

(d) analyse property of materials 

(e) none of the above. 
Damping capacity of a ma 
(a) absorb shock 

(b) absorb vibrations 

(c) withstand compression 
(d) absorb impact loads 

(e) withstand creep failures. 


(b) 80 
(d) 57 


(c 


terial is its ability to 
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365. Each section of a close coiled helical spring is Mi? (d) M 
subjected to (c) 4EI 6EI 
(a) tensile stress and shear stress due to load , | 
(b) compressive stress and shear stress due to (e) MY l | 
torque 8EI | 
(c) tensile and compressive stresses 372. If A, and A, be areas of shear force dia | 
(d) tensile stress and shear stress due to torque : bending moment diagram respectively ie and | 
(e) shear stress due to torque and direct shear due portion of the beam, then the change of slope the | 
to load. any portion of a loaded beam is equal to Over | 
366. Disruptive strength is the maximum strength of a (a) A, (b) Ay | 
metal EI EI | 
(a) when subjected to 3 principal tensile stresses at (c) A, — Ay (d) A, + Ay | 
right angles to one another and all of equal EI EI | 
magnitude le) A, x Ay . | 
(b) when loaded in tension EI 
(c) when loaded in compression 373. Maximum deflection in a beam supported freely at | 
(d) when loaded in shear both ends due toa central load P at middle is 
(e) all of the above. PI b PI? 
367. Dilatometer is an instrument used for measuring (a) ASEI (b) 32FI | 
(a) strain Pl PI? | 
(b) expansion contraction due to change in tem- (c) OGEI (d) 64EI | 
perature pr | 
(c) stress (e) ——_.. | 
(d) damping capacity 128£1 4 
374. Maximum deflection in a cantilever beam of length! 
(e) vibrations. carrying a load P at its end will be 
368. Flow stress is py p]? 
(a)the shear stress required to cause plastic (a) — (b) — 
deformation of solid metal SEI SEI 
(b) concerned with liquid (c) PI? (d) PI? | 
(c) corresponding to breaking point 321 64EI | 
(d) there is nothing like flow stress O PI? 
(e) used in connection with acceptance tests of 128EI | 
materials. 375. Maximum slope in case of a cantilever of length ! | 
369. Proof stress carrying a load P at its end will be | 
(a) is the safest stress PI? PI? | 
(6) is that which will cause a specified permanent ta) EI (b) 2EI | 
deformation in a material, usually 0.01% or less PI? PI? 
(c) is used in connection with materials like mild (c) 3FI (d) AEI 
steel 2 
(d) does not exist (e) E | 
(e) thr connection with acceptance tests for 376. Maximum a Maction in casera antilever by 
370. Rupture stress is a uniformly distributed load w per 
(a) breaking stress í 4 
(b) the stress obtained by dividing the load at the (a) al (b) u 
moment of incipient fracture, by the area ad ae į 
supporting that load (c) 2 (d) = us | 
(c) never allowed to reach in members 4EI 64 4EI 
(d) highest stress in a test (e) 5 wlt 
(e) none of the above. 384 EI ` 
371. Maximum deflection in a cantilever due to pure 377. Ties are load carrying members which carTy | 
bending moment M at its end is (a) torsional loads | 
2 2 (b) axial compressive loads | 
(a) SET (b) A (c) axial tension loads (d) transvers® < 


(e) vertical compression loads. 
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378. For agiven material, Young S modulus EF = 200 GN/m2 
and modulus of rigidity G = 80 GN/m?. Its bulk 
modulus K will be 


(a) 100 GN/m? 

(e) 200 GN/m? 

(e) none of the above. 
379. For above question, the value of Poisson’s ratio will 

be 


(b) 133.33 GN/m2 
(d) 250 GN/m2 


(a) 0.15 (6) 0.20 
(c) 0.25 (d) 0.30 
(e) 0.35. 


980. The extension of a circular tapering rod having 
diameters d, and d, at its two ends and subjected to 
axial pull P, as compared to a circular bar of diameter 


|dd, and subjected to pull P will be 


(a) more (b) less 
(c) equal 
(d) depends on other parameters 
(e) none of the above. 

381. The extension of uniform bar by its own weight as 
compared to a bar loaded by same weight at the free 
end will be 
(a) same 
(c) one-fourth 
(e) three-fourth. 

382. If the compressive stress in a tower due to a load 
and its own weight is to be constant at all sections, 
then its cross-section at various sections should be 
of 
(a) uniform shape 

(c) parabolic shape 
(e) some other shape. 

383. If D be the diameter of coil of a close coiled helical 
spring and total angle of twist in full length be 8, 
then deflection of spring is equal to 


(6) half 
(d) one-third 


(6) tapering shape 
(d) hyperbolic shape 


D 
(a) DO (b) 5 6 
(c) 2D9 (d) De? 
2 
(e) ae 


384. Instantaneous stress produced by falling weight on 
a bar as compared to gradually applied load is 
(a) two times . 
(b) between one and two times depending on height 
of fall 
(c) more than two times 
(d) more than ten times (e) none of the above. 
385. If the areas of cross-sections of square and circular 
eams are same and both are subjected to equal 
bending moment, then which of the following 1s 
Correct 
(a) the circular beam is more economical 
(b) the Square beam is more economical 
(c) both the beams are equally strong 
(d) both the beams are equally economical 
(e) none of the above. 


386. 


387. 


388. 


389. 


390. 


391. 


392. 


393. 


The ratio of central deflection due to a central load 
in the case of a beam freely supported at both ends 
to the beam fixed at both ends will be 

(a) 1/2 (b) 2 

(c) 1/4 (d) 4 

(e) none of the above. 

There are two bars of equal length and equal volume 
and same material, one having stepped diameters 
and other having uniform diameter. If maximum 
stress produced in both bars is same then stored 
energy will be 

(a) more in stepped diameter shaft 

(b) more in uniform diameter shaft 

(c) equal in both 

(d) would depend on other factors 

(e) none of the above. 

In above bars, if gradually applied load is same then 
the stored energy will be 

(a) more in stepped diameter shaft 

(©) more in uniform diameter shaft 

(c) equal in both 

(d) would depend on other factors 

(e) none of the above. 

A direct tensile stress on a specimen will induce the 
following shear stress on a plane inclined at 45° to 
its own plane 

(a) same as tensile stress 

(b) half of tensile stress 

(c) zero 

(d) two times the tensile stress 

(e) depends on other parameters. 

Sum of normal stresses on any two mutually 
perpendicular planes as compared to sum of stresses 
s, and S, is 
(a) same 
(c) less 
(d) depends on other conditions 

(e) could be anything. 

Three beams of circular, square, rectangular (depth 
= twice the width) sections and of same length are 
subjected to same bending moment. If the allowable 
stress is same then least weight of same material 
will be required for 

(a) circular section 

(b) square section 

(c) rectangular section 
(d) more data are required to determine same 

(e) none of the above. 
When a beam is subjected to a transverse shearing 
force, the shear stress in the upper fibres will be 

(a) maximum (b) minimum 

(c) zero (d) depends on other data 
(e) none of the above. 
The central deflection in a fixed beam i.e., supported 
firmly at both ends and loaded in the centre 
compared to a freely supported beam will be 


(b) more 
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394. 


395. 


396. 


397. 


398. 


399. 


400. 


401. 





(a) same (b) double 

(c) one-half (d) one-fourth 

(e) one-eight. 

In a fixed beam, i.e. firmly supported at both the ends 
with uniformly distributed load, the location of zero 
bending moment from either end will be at 

(a) zero (b) 1/8 

(c) l/4 (d) 1/3 

(e) none of the above. 

A continuous beam is one which is 

(a) infinitely long 

(b) supported at two places 

(c) supported at one point 

(d) supported at more than two supports 

(e) none of the above. 

For a simply supported beam having a load at the 
centre the bending moment will be 

(a) minimum at support 

(b) minimum at the centre 

(c) maximum at the supports 

(d) minimum and maximum could be any where, 

along the length 
(e) none of the above. 
Bending moment in the centre of a beam of length / 


firmly supported at both ends and having a central 
load of W is 


(a) Wl (b) u 


Wl Wi 
(c) A (d) 3 
(e) none of the above. 
When a number of loads rest upon a beam, the 
deflection at any point is equal to the sum of the 
deflections at this point due to each of the loads taken 
separately. This is according to 
(a) Castigliano’s theorem (b) principle of least work 
(c) Maxwell’s theorem (d) theory of flexure 
(e) moment shear relation. 


The ratio of hoop stress to longitudinal stress in thin 
walled cylinders is 


(a) 1 (b) B 
2 
(c) 2 (d) i 
4 
(e) 4. 


The deflection at the point of application of an 
external force acting on a beam is equal to the partial 


derivative of the work of deformation w.r.t. this force. 
This is according to 


(a) Castigliano’s theorem 
(b) principle of least work 
(c) Maxwell’s theorem 

(d) theory of flexure 

(e) moment shear relation. 


The ratio of longitudinal str 


ess tosh . . 
walled cylinders is ear stress in thin 


402. 


403. 


404. 


405. 


406. 


407. 


408. 


MECHANICAL ENG, 
| 
1 
(a) 1 (b) z 
1 
(e) 4. 
Rankine’s constant for a M.S. column with both e 
hinged is nds 
1 (b) 
(a T500 3500 
1 T 
© 00 7500 
1 
e 9500 


In a fixed beam i.e., firmly supported at both thee 

with a central load in the middle, the ben 

moment will be zero at 

(a) one place (b) two places 

(c) three places (d) four places 

(e) none of the places. 

The deformation of any structure takes place in such 

a manner that the work of deformation isa 

minimum. This is according to 

(a) Castigliano’s theorem (b) principle of least work 

(c) Maxwell’s theorem (d) theory of flexure 

(e) moment shear relation. 

In above question, 403, the location of point where 

bending moment is zero from either end is at 

(a) zero (b) 1/8 

(c) 1/4 (d) l/2 

(e) none of the above. 

In order to determine whether a column is long or 

short, one should know 

(a) length (b) cross-section 

(e) M.I. (d) slenderness ratio 

(e) conditions of end fixations. 

As the slenderness ratio of a column increases, its 

compressive strength 

(a) increases (b) decreases 

(c) remains unchanged 

(d) may increase or decrease depending on length 

(e) unpredictable. 

Euler’s formula is applicable for determininé the 

buckling load for 

(a) long columns 

(b) intermediate columns 

(c) medium size columns i 

(d) intermediate columns, but with ori 
amendments it can be used both for short 4° e 
as long columns 

(e) short columns. 


nds, 
ding 


, wi 
409. The load at which the column first buckles 15 kn? 


as 
(a) buckling load (b) crippling load p 
(c) critical load (d) any one of the abe 


(e) none of the above. 
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410. A long column fails by 


411. 


412. 


413. 


414, 


415, 


416, 


aly, 


4] 


oo 


A Short column of external diameter D 


RING MECHANICS 


(a) crushing (b) tension 


(c) shearing 

(e) buckling and crushing. 

The Rankine Gordon formula is applicable for 

determining the buckling load for 

(a) long columns 

(b) intermediate columns 

(c) medium size columns 

(d) intermediate columns, but with certain 
amendments it can be used for short as well ag 
long columns 

(e) short columns. 

For eccentrically loaded strut, following section is 

preferred 

(a) solid 

(c) reinforced 

(e) any one of the above. 

The ratio of length of column to the minimum radius 

of gyration of the cross sectional area of the column 

is known as 

(a) slenderness ratio 

(c) crippling factor 

(e) column factor. 

A column is defined as short column if 

(a) its length is less than 10 m 

(b) the ratio of its effective length to the least lateral 
dimension is less than 15 

(c) the ratio of its effective length to least radius of 
gyration is less than 50 

(d) both (b) and (c) above (e) none of the above. 

According to Euler’s formula, the buckling load P, 

for a column of length / with both ends hinged and 

having J = least moment of inertia of the section of 

the column, and Æ = modulus of the elasticity of the 

material of the column 


(d) buckling 


(b) hollow 


(d) composite 


(b) buckling factor 
(d) compressive factor 











2 2KI 
ip. nee 
4l 
2 2 
E n° EI 
(c) P = a (d) P= 5 


(e) none of the above. 

Slenderness ratio of a column is the ratio of its 

(a) length of least lateral dimension 

(b) length to radius of gyration 

(c) both (a) and (b) above 

(d) lateral dimension to radius of gyration 

(e) none of the above. 

The ratio of the equivalent length of the colum 
e minimum radius of gyration of the cross-secti0 

area of the column is called 

(a) Slenderness ratio (b) buckling factor 

(c) column factor (d) crippling factor 

(e) compressive factor. 


n to 
nal 


and internal 


The greatest 


lameter d carries an external load W. i 
ave without 


eccentricity which the load can h 


419. 


420. 


421. 


422. 


423. 


424. 


425. 


426. 





producing tension on the cross section of the column 
is 


| 2 2 
(a) Ded (b) D‘ +d 
8 8 
2 72 2 2 
( D? +d” id) 2 +d 
8D 8d 
2, 72 
le) D ta 
8p’ 


The effective length of a column with one end fixed 
and other end free is 


(a) its own length (b) twice its length 


(c) half its length (d) 1/42 x its length 


(e) none of the above. 

Who enunciated the following theorem 

If unit loads rest upon a beam at the two points R 
and S, the deflection at R due to unit load at S equals 
the deflection at S due to the load at R 

(a) Castigliano (b) Rankine 

(c) Mohr (d) Maxwell 

(e) Gordon. 

A column with maximum equivalent length has 

(a) both ends fixed (b) both ends hinged 

(c) one end fixed and other hinged 

(d) one end fixed and other free 

(e) both ends free. 

A column has its equivalent length equal to its length 
in case of 

(a) both ends fixed (b) both ends hinged 

(c) one end fixed and other hinged 

(d) one end fixed and other free 

(e) both ends free. 

The slope and deflection at a point in a loaded 
cantilever or beam carrying several loads can be 
found out by the 

(a) principle of least work 

(b) moment area method 

(c) double integration method 

(d) Macaulay’s method (e) any one of the above. 
Deflection in a beam is maximum where the slope is 
(b) maximum 

(d) changes sign 


(a) minimum 
(c) zero 

(e) any value. 
Who enunciated the following theorem ? 

Deflection of the point of application of an external 
force acting on a beam is equal to the partial 
derivative of the work of deformation w.r.t. this force 


(a) Castigliano (b) Rankine 

(c) Mohr (d) Maxwell 

(e) Gordon. 

In case of both ends fixed of a column, the effective 
length is 

(a) its own length (b) twice its length 

(c) half its length (d) 1/V2 x its length 


(e) none of the above. 
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436. A hollow shaft of same cross-section are, a 
shaft transmits S sq | 


se (a) double 
| 427. Longitudinal strain for a specimen is 0.01 and pa (b) half 
| found to undergo 1 mm change in its thickness. (c) same 
thickness will be thing else 
| m (d) some g 
| pela 00 aes (e) none of the above. 
| (c) 400 mm (d) 
| 


(e) none of the above. 
428. The distribution of stress in a beam of rectangular 
| cross-section will be (a) same torque | 
| (a) triangular (b) rectangular (b) less torque 


(c) parabolic (d) elliptical (c) more torque | 
(e) part of a circle. (d) more or less depending on external diamete, 


429. For a beam shown in Figure what will be the shear (e) none of the above. 


| 
i 








force at the centre , ti T S& G 
P : 437. The value of J in equation Ty T for a citeily 
oe ee sores shaft of diameter d is | 
4 idi | 
| | (q) TE o= 
a2 
4 3 
(a) F (b) 2F (c) nd (d) nd” 
(c)-F (d) 0 16 32 
(e) F/2. nd? 
430. The shape of a cantilever for uniformly distributed (e) 16` | 
load will be . 438. The value of M.I. for a solid shaft of diameter ‘f is | 
(a) straight line (b) parabolic equal to 
(c) parabolic (d) elliptical nd nd! 
(e) none of the above. (a) — (b) — 
431. The deflection of the centre of a simply supported n j | 
beam of length / carrying a uniformly distributed load (c) td” (d) nd’ | 
w kg/m will be 16 32 | 
4 3 3 | 
(a) a (b) Sw (e) oe | 
SEI 384EI 16 | | 
in 5 wit 5 wit 439. Torque in a solid shaft of diameter d and shea | 
red ( oa er strength of s. is given by | 
l TT T | 
( a (a) —s dè E 8 
ý 48EI 8 ° (6) 16 sa | 
432. In a beam at a place where the shear force is 3 Mae 
maximum, the bending moment will be - 32t sa) eae" | 
(a) maximum (6) minimum (e) 5 gt | 
(c) zero 165 . x 
(d) neither minimum nor maximum 440. Two shafts, one hollow and other solid have ie 
(e) none of the above. material and mass. The inner diameter ° o | 
it E ae: testing experiment on a specimen of shaft is half the outside diameter. The ratio of uki 
l cm“ area, the maximum load observed was 5 tonnes that can be transmitted by these two shafts ! 
and neck area 0.5 cm?. The ultimate tensile strength 15 l | 
of specimen is (a) 16 ps 
(a) 5 tonnes/cm2 (b) 10 tonnes/cm2 1 1 ! 
(c) 2.5 tonnes/cm? (d) 20 tonnes/cm? yy 4 d 5 | 
(e) none of the above. 3 ee 
434. Elasticity of a M.S. specimen is defined by (e) P | 
(a) Hooke’s law 441. Th . _ a shaft due 
Dived-oatnt - ihe value of shear stress induced in a § 


(c) when plastic flow Starts 


i 
applied torque is | 
(d) proof stress 


(a) uniform throughout 
(b) zero at circumference and maximum 4 


(e) permanent enc? 
435. A coil is cut iaca hal (c) zero at centre and maximum at circumfe" , 4p? i 
ers will be ves, the stiffness of cut coils (d) zero in middle and maximum at ©” | 
re circumference he eae ; 
A (e) none of the above. eae. | 
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E or of longitudinal stress for thin cylinder is 
442. 
pd (p) Pa 
a" "94 = 
(c) 208 a oo 
7 2.5t 


443. 


(e) none of the above. 

Which one of the following statements for a shaft is 

false ? Shear stress intensity at a point is 

(a) directly proportional to the distance from the 
axis 

(b) inversely proportional to the distance from the 
axis 

(c) inversely proportional to the polar moment of 
inertia 

(d) directly proportional to the applied torque 

(e) none of the above. 


_ State of stress in a plane element is shown in given 


below Figure. Which one of the following figures is the 
correct sketch of Mohr’s circle of the state of stress ? 





363 


447. Match List I with List II and select the correct answer 


using the codes given below the lists : 


List I List II 
(Condition (Bending moment 
of beam) diagram) 


A. Subjected to bending 1. Triangle 
moment at the end of 
a cantilever. 

B. Cantilever carrying 
uniformly distributed 
load over the whole 
length. 

C. Cantilever carrying 
linearly varying load 
from zero at the 
fixed end to maximum 
at the support. 

D.A beam havingload 4. Rectangle 
at the centre and 


2. Cubic parabola 


3. Parabola 


supported at the 





ends. 
| Codes: A B C D 
(a) 4 1 2 3 
——- (b) 4 3 2 1 
(c) 3 4 2 1 
É (d) 3 4 1 2 
(a) (b) o) 448. Figure below shows a bending moment diagram for 
the beam CABD : 
(c) -= (d) = 
445. If the area of cross-section of a wire is circular and if 
the radius of this circle decreases to half its original r £ x . 


value due to the stretch of the wire by a load, then 


the modulus of elasticity of the wire be Load diagram for the above beam will be 


(a) One-fourth of its original value | 
(b) halved (c) doubled (a) | J | | | | | | | | | ] | | 
(d) unaffected. C Ak 1B D 


446. Match List I with List II and select the correct answer | | | | | | ] | 
using the codes given below the lists : b) ¢ A 1B D 


List I List II 
(Material (Tests to determine (c) Hom yetebie ids 
Properties) material properties) C A B D 
A. Ductility 1. Impact test 
B. Toughness 2. Fatigue test (d) | | 


3. Tension test 
4. Hardness test 


C. Edurance limit 


D. Resistance i 449. A shaft was initially subjected to bending moment 


and then was subjected to torsion. If the magnitude 


Penetrati l 
Codes: ñ On D of bending moment is found to be the same as that of 
(a) B C the torque, then the ratio of maximum bending 
(b) 3 2 1 4 stress to shear stress would be 
( 4 2 1 3 (a) 0.25 (b) 0.50 
c) 
(d) 3 1 2 4 (c) 2.0 (d) 4.0. 

4 1 2 3 
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50. A horizontal beam with square cross-section — 
supported with sides of the square horizon : . 
vertical and carries a distributed loading 
produces maximum bending stress 6 1n the piace 
When the beam is placed with one of the diagona S 
horizontal the maximum bending stress will be 


(a) Lo (b) 6 


Ja 


(c) V2 o (d) 20. 


451. Shear stress distribution diagram of a beam of 





rectangular cross-section, subjected to transverse 
loading will be (shown in Figure) 





3$ 


452. Circumferential and logitudinal strains in a 
cylindrical boiler under internal steam pressure are 
€, and €, respectively. Change in volume of the boiler 
cylinder per unit volume will be 


(a) £; + 2, 


(b) eE 
(c) 2€, +£, 


(d) ,7e,. 

453. For a linearly elastic, isotropic and homogeneous 
material, the number of elastic constants required 
to relate stress and strain is 
(a) two (b) three 
(c) four (d) six. 

454. A rod of length 7 and cross-sectional area ‘A’ rotates 
about an axis passing through one end of the rod 
The extension produced in the rod due to centrifugal 
forces is (w is the weight of the rod per unit length 
and 6) is the angular velocity of rotation of the rod) 
(a) owl?/gE (b) w* wl? /3gE 
(c) owl3/gk 


457. 


458. 


459. 


460. 





MECHANICAL ENGINE a 
is the rotation of C relative of B if the rotation ) 
relative to A is 0.1 radian ? (shown in Figure 


CT 


H— 1/2 ae —— ie — 
(a) 0.4 radian (6) 0.8 radian 
(c) 1.6 radian (c) 3.2 radian. 
If two shafts of the same length, one of Which jg 
hollow, transmit equal torques and have equal | 
maximum stress, then they should have equa! | 
(a) polar moment of inertia 
(b) polar modulus of section 
(c) diameter 
(d) angle of twiši. 
The ratio of circumferential stress to logitudinal 
stress a thin cylinder subjected to internal 
hydrostatic pressure is 
(a) 1/2 (b) 1 | 
(c) 2 (d) 4. | 
Two shafts of same length and material are joined | 
in series. If the ratio of their diameters is 2, then the | 
ratio of their angles of twist will be | 
(a) 2 (b) 4 : 
(c) 8 (d) 16. 
Match List I with List II and select the correct answer 
using the codes given below the lists : 


List I List II 
(Property) (Testing Machine) 
A. Tensile strength 1. Rotating bending 
machine 
B. Impact strength 2. Three-point loading 
machine 
C. Bending strength 3. Universal testing 
machine . 
D. Fatigue Strength 4. Izod testing machine 
Codes: A B C D 
(a) 4 3 2 1 | 
(b) 3 2 1 4 
(c) 2 1 4 3 
(d) 3 4 9 


aol. The Shear force diagram shown in the follo” 
Figure is that of a 





ipg 


t 


ical P” 
a) freely Supported beam with symmetric 
load about mid-span. 
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N 


(b) freely supported beam with 
uniformly distributed load about m 


(c) simply supported beam with 


Symmetrical 
id-span. 


l Positive and 
negative point loads symmetrical about the mid- 
span. 

(d) simply supported beam with Symmetrical 


varying load about mid-span. 
A circular shaft can transmit a tor 
the torque is reduced to 4 kNm, th 
value of bending moment that can 


que of 5 kNm. If 
en the maximum 
be applied to the 


shaft is 
(a) 1 kNm (b) 2 kNm 
(c) 3 kNm (d) 4 kNm. 


Rankine Gordon formula for bucking is valid for 
(a) long column (b) short column 
(c) short and long column (d) very long column. 


A rectangular section beam Subjected to a bending 
moment M varying along its length is required to 
develop same maximum bending stress at any cross- 


section. If the depth of the section is constant, then 
its width will vary as 


(a) M (b) JM 
(c) M? (d) 1/M 
A simply supported beam carrying a concentrated 
load W at mid-span deflects by 6, under the load. If 
the same beam carries the load W such that it is 
distributed uniformly over entire length and 
undergoes a deflection 6, at the mid span. The ratio 
6, : 6, is 
(a) 2:1 (G) f2 31 
(c)1:1 (dq) 122 
Match List I with List II and select the correct 
answer, using the codes given below the lists : 
List I List II 
(State of stress) (Kind of loading) 
A. 1. Combined bending 
SS and torsion of circular 


— shaft. 

B. 4 b 2. Torsion of circular 
shaft. 

s 3. Thin cylinder 
subjected to internal 
pressure. 

a 4. Tie bar subjected to 
tensile force. 

Codes: A B C D 
a) 1 2 3 4 
b) 2 3 4 1 
e) 2 4 3 1 
a) 3 4 1 2 


™ A beam, built-in at both ends, carries a uniformly 


distributed load over its entire span as shown 1n 


468. 


469. 





Figure, Which one of th 
represents bendin 
length of the beam ? 


udl 
0 > 74 
A cantilever beam carries a load W uniformly 
distributed over its entire length. If the same load is 
placed at the free end of the same cantilever, then 
the ratio of maximum deflection in the first case to 
that in the second case will be 
(a) 3/8 (b) 8/3 
(c) 5/8 (d) 8/5. 
For a cantilever beam of length ‘L’, flexural rigidity 


El and loaded at its free end by a concentrated load W. 


Match List I with List II and select the correct 
answer. 


List I List II 
A. Maximum bending 1. Wl 
moment. 

B. Strain energy 2. WI?/2EI 

C. maximum slope 3. WI3/3EI 

D. maximum deflection 4. W2/2/6E] 
Codes: A B C D 
(a) l 4 3 2 
(b) 1 4 2 3 
(c) 4 2 1 3 
(d) 4 3 1 2 


470. Match List-I with List-II and select the correct 


answer using the codes given below the Lists : 


List-I List-II 
A. Toughness 1. Moment area method 
B. Endurance strength 2. Hardness 
C. Resistance to 3. Energy absorbed before 
abrasion fracture in a tension 
test 
D. Deflection ina beam 4. Fatigue loading 
Codes: A B C D 
(a) 4 3 1 2 
(b) 4 3 2 1 
(c) 3 4 2 1 
(d) 3 4 1 2 


471. Match List-I (Elastic properties of an isotropic elastic 


material) with List-II (Nature of strain pape 
and select the correct answer using the codes 81 
below the Lists : 
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e diagram given below, 
§ moment distribution along the 


List-Il 
1. Shear strain 
2. Normal strain 
3, Transverse strain 
4. Volumetric strain 


List-I 
A. Young’s modulus 
B. Modulus of rigidity 
C. Bulk modulus 
D. Poisson’s ratio 


Codes: A B C D 
(a) 1 2 3 4 
(b) 2 1 3 4 
(c) 2 1 4 3 
(d) 1 2 4 3 


472. When a thin cylinder of diameter ‘d’ and thickness 
‘t’ is pressurized with an internal pressure of ‘p, (1/m 
is the Poisson’s ratio and E is the modulus of 
elasticity), then 

(a) the circumferential strain will be equal to 


E - =) 
2th \2 m | 
(b) the longitudinal strain will be equal to 
mae _ =| 
2tE 2m 
sa , pd 
(c) the longitudinal stress will be equal to OF 


(d)the ratio of the 


longitudinal strain to 


circumferential strain will be equal to —— 2 





2m- 1 
473. In a thick cylinder pressurized from inside, the hoop 
stress is maximum at 
(a) the centre of the wall thickness 
(b) the outer radius 
(c) the inner radius 
(d) both the inner and the outer radii. 


474. The Euler’s crippling load for a 2 m long slender steel 
rod of uniform cross-section hinged at both the ends 
is 1 KN. The Euler’s crippling load for a 1 m long 


steel rod of the same cross-section and hinged at both 
ends will be 


(a) 0.25 kN 
(b) 0.5 kN 
(c)2kN 
(d) 4 kN. 


For the state of stress of pure shear qt, the strain 


energy stored per unit volume in the el 
homogeneous isotropic 


constants E and v will be 


475. 


| astic, 
material having elastic 


(a) im (1 + v) T 
E ) OE (1 +v) 


(c) 2 (1 +v) 4 
E (d) 2E (2 +v). 


477. 


478. 


479. 


480. 


481. 


482. 


483. 








(c) [a2 


The deformation of a bar under its own weigh | 
compared to that when subjected toa direce ta | 
load equal to its own weight will be axia] | 
(a) the same (b) one-fourth | 
(c) half (d) double. 
Two beams of equal cross-sectional area are sy}. 
to equal bending moment. If one beam has ¢ 
cross-section and the other has circular Section 
(a) both beams will be equally strong 
(b) circular section beam will be stronger 
(c) square section beam will be stronger 
(d) the strength of the beam will depend on the | 
nature of loading | 
A cantilever beam of rectangular cross-section jx | 
subjected to a load W at its free end. If the depth 
the beam is doubled and the load is halved, th. 
deflection of the free end as compared to original 
deflection will be . 
(a) half (b) one-eighth 
(c) one-sixteenth (d) double | 
A solid circular shaft is subjected to pure torsion, | 
The ratio of maximum shear to maximum normal 
stress at any point would be | 
(a)1:1 (b)1:2 | 
(c) 2:1 (d)2:3 


e 
then 


A short column of external diameter D and internal 
diameter d carries an eccentric load W. The greatest 
eccentricity which the load can have without 


producing tension on the cross-section of the colum 
would be 





D+d 2 +d? 
(a) 3 (b) Dita : 
8d | 
D* +d? D? +d? | 
(e) ——— D te 
aD (d) \— 


| 
| 

| 
A bar of length L and of uniform cross-sectional a | 
A and second moment of area J is subjected to te | 
P. If Young’s modulus of elasticity of the bar m + e 

|] 


is E, the expression for strain energy stored 1 
bar will be 





P?L PI? 
(a) DM 
9 AE (b) EI 
PL 2 
= POL 
AE (d) AE 


AE tern? 
If a thick cylindrical shell is subjected t0 m aoi 
pressure, then hoop stress, radial stre? vil 
longitudinal stress at a point in the thickn? 

e spect 
(a) tensile, compressive and compressive = 

vely 

(b) all compressive 

(c) all tensile 


-ely 
(d) tensile, compressive and tensile respect!” 
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484. A thin cylinder with both ends closed is subjected to 
internal pressure p. The longitudinal stress at the 
surface has been calculated as 6). Maximum shear 
stress at the surface will be equal to 
(a) 2 So (b) 1.5 6, 

(c) Oo (d) 0.5 6p. 

485. A helical spring has N turns of coil of diameter 
D, and a second spring, made of same wire 
diameter and of same material, has N/2 turns of 
coil of diameter 2D. If the stiffness of the first 
spring is k, then the stifffness of the second spring 

4 will be 


E 


> am 





Stress 
Stress 





Strain ——» Strain ——~ 
(C) (D) 


In above Figure, A to D show the typical stress-strain 


i (a) kl4 (b) k/2 diagrams for various materials. The curves 
(c) 2k (d) 4k. applicable for brittle material (highly tampered 
486. steel), rubber, ductile steel, and concrete (or 
malleable cast iron) are shown by 
" (a) A, B,C, D (b) D, C,B,A 
(c) B,D, C,A (d) B, D, A, C. 
i 
i i 
i a a 





| Strain —=— 


Strain ——» 


(A) (B) 






1. (d) 2. (b) 3. (c) 


4. (d) 5. (c) 6. (b) 7. AC) 8. (d) 

, 9. (d) 10. (b) 11. (c) 12. (a) 13. (d) 14. (e) 15. (b) 16. (b) 
: 17. (a) 18. (b) 19. (c) 20. (d) 21. (b) 22. (b) 23. (b) 24. (d) 
: 25. (a) 26. (b) Bi. (c) 28. (d) 29. (b) 30. (c) 31. (d) 32. (b) 
| 33. (b) 34. (c) 35. (b) 36. (b) 37. (c) 38. (e) 39. (a) 40. (b) 
41. (e) 42. (e) 43. (a) 44. (a) 45. (a) 46. (a) 47. (d) 48. (d) 

49. (e) 50. (b) 51. (d) 52. (a) 53. (a) 54. (c) 55. (d) 56. (b) 

57. (c) 58. (b) 59. (c) 60. (c) 61. (a) 62. (d) 63. (c) 64. (a) 

65. (c) 66. (d) 67. (a) 68. (c) 69. (c) 70. (b) 71. (d) 72. (a) 

73. (c) 74. (d) 75. (b) 76. (b) 77. (d) 78. (a) 79. (c) 80. (b) 

81. (d) 82. (c) 83. (b) 84. (c) 85. (a) 86. (d) 87. (d) 88. (a) 

89. (b) 90. (e) 91. (c) 92. (a) 93. (d) 94. (a) 95. (d) 96. (b) 

97. (a) 98. (d) 99. (e) 100. (b) 101. (b)* 102. (d) 103. (c) 104. (c) 

105. (a) 106. (c) 107. (a) 108. (d) 109. (a) 110. (c) 111. (b) 112. (a) 

113. (a) 114. (c) 115. (c) 116. (b) 117. (d) 118. (a) 119. (e) 120. (b) 

121. (c) 122. (b) 123. (c) 124. (e) 125. (c) 126. (b) 127. (e) 128. (b) 

129. (c) 130. (d) 131. (b) 132. (c) 133. (e) 134. (b) 135. (a) 136. (c) 

137. (e) 138. (b) 139. (a) 140. (d) 141. (c) 142. (a) 143. (b) 144. (e) 
145. (a) 146. (a) 147. (b) 148. (b) 149. (b) 150. (a) 151. (d) 152. (a) 
153. (a) 154. (d) 155. (a) 156. (c)* 157. (a) 158. (b) 159. (c) 160. (a) 

161. (c) 162. (b) 163. (b)* 164. (b)* 165. (a)* 166. (c)* 167. (a) 168. (a)* 

169. (d) 170. (c) 171. (a) 172. (a) 173. (b) 174, (a) 175. (c) 176. (d) 

177. (a) 178. (c) 179. (a) 180. (c) 181. (a) 182. (a) 183. (d) 184. (b) 

185. (a) 186. (a) 187. (c) 188. (d) 189. (d) 190. (b) 191. (b) 192. (d) 

193. (a) 194. (b) 195. (b) 196. (b) 197. (a) 198. (b) 199. (c) 200. (c) 

201. (d) 202. (a) 203. (a) 204. (a) 205. (a) 206. (a) 207. (d) 208. (c) 

209. (e) 210. (e) 211. (a) 212. (c) 213. (b) 214. (b) 215. (c) 216. (b) 


* z 
Indicates that explanatory note is given at the end. 


ko 





Scanned by CamScanner 


222. (b) 223. 1a) 





220. (b) 230. (a) 231. (a) 232, (q 
219. (a) 9. (b) ) 
217.(a) 218. (b) ; 228. (d) a 238. (a) 239. (d) 240. (b) 
226 (d) 227. (e 237. (a) 247 (c) 2 
225. (e) 220. oar (b) 236. (a) 246. (c) - ( 48. (b) 
234. (b) 235. ( 245. (b) IRR. E) 
233. (d) 234. sais (2) 244. (b) 254. (a) 256, (q) 
242. (c) 243. (c 253. (d) a o 
paaa O aa B20 a ww 263 264. (a) 
249. (d) 250. (d) 259. (b) 260. (b) "i (e) 270. (a) 271. (d) 272, (e) 
257. (c) eh a 267. (a) 268. (e) 269. (e) p Fii, ta) 280. 
265. (c) 266. (c) 976. (d) 276. (b) 277. (a) am 287. (d) 288, j 
273. (a) 274. (a) ne (d) 9284. (c)* 285. (b) 294. (b) 295. (d) 296. (d) 
281. (c) 282. (a) i. fe) 292. (c) 293. (a) site i) 303. te) 304, (0 
289. (b) 290. C) 299. (b) 300. (a) ai 310. (a) 311. (a) 312. (b) 
297.0) 298-1) 307. (c) 308. (b) S o g. (a) 319. (b) 320. (c) 
aan he 315. (e) 316. (a) mee on a) 327. (e) 328. (b) 
313. (c) 314. (a) i ° 324. (c) 325. (a) 326. (a on ) 336 H 
321. (d) 322. (a) 323. (a) pagk nas. (d) 334. (c) 335. (a , (b) 
329. (c) 330. (d) men 340. (d) 341. (c) 342. (b) 343. (b) 344. (a) 
337. (a) 338. (d) 339. (a) ae GD 349. (c) 350. (e) 351. (c) 352. (c) 
345. (d) 346. (c) 347. (a) anpi 357. (e) 358. (d) 359. (b) 360. (b) 
353. (a) 354. (d) Saa Hai. (e) 366. (a) 367. (b) 368. (a) 
361. (c) 362. (a? a 374. (a) 375. (b) 376. () 
` 71. (a) 372. (e) 373. (a) . 
369. (b) 370. (b) 3 382. (e) 383. (b) 384. (e) 
377. (c) 378. (b) 379. (c) 380. (c) 381. (b) aa i sah ich i 
387. (b) 388. (a) 389. (b) i 
385. (b) 386. (d) 397. (d) 398. (c) 399. (c) 400. (a) 
393. (a) pena aon op 406. (d) 407. (b) 408. (a) 
403.(b) 404. (b) 405. (c) i b 
401. (d) 402; (c) (d) 412. (d) 413. (a) 414. (d) 415. (c) 416. (0) 
409. (d) 410. (d) ail. i l (d) 424, (c) 
421. (d) 422. (b) 423. 
417. (b) 418. (c) 419. (b) 420. (d) 432. (a) 
426. (c) 427. (c) 428. (c) 429. (d) 430. (c) 431. (d) . 
425. (a) » (C | 437 (a) 438 (b) 439. (b) 440. (a 
433. (a) 434. (a) 435. (a) 436. (c) : . ie “ i (i) 448. (a 
441. (c) 442, (b) 443. (b) 444, (c) 445. oF e (C ; ae. oe 456. (0 
449. (c}*  450.(a)* 451. (d) 452. (e)* 453. (c) inp @) 464. (0) 
457. (b)* 458. (c) 459. (d)* 460. (d) 461. (d) 462. (c)* 463. yarn 
465. (b) 466. (c) 467. (d) 468. (a)* 469. (b) 470. (c) 471. (c) 00. OF 
473. (c) 474. (d)* 475. (a) 476. (b) 477. (c) 478. (c)* 479. (c) 
481. (b) 482. (a)* 483. (d)* 484. (d)* 485. (a)* 486. (d) 





101. These components of 600 kg force will be 360 and K F,+F 


spP 
ATTA 
480 and of 200 kg force will be 160 and — 120 kg; or 1F.4F. =P 
thus resultant of these two will be 360 + 60 and 2° S A 
480 — 120. and F,=2P 
156. In winter inside temperature will drop and result in 9 
decrease of internal pressure. With a greater external Also Fxl= 2P x 2 
pressure, the walls of the vessel are placed in _ _ 
compression with resultant buckling. - l = 4/3 = 1.33 m. 
163. Beam will remain horizontal, if both beams stretch 165. u= Lateral strain  0.005/10 _ 0.0005 = 0.25: 
equally. Axialstrain 0.08/40 0.002 ti”? 
; : ; tra~, 
(5) = Fr] 166. This will be possible when differential con octi” 
EA Jste \EA Aluminium of steel and brass columns equals the static 
ae Fs 1 2X 10° 11 on two steel columns, 
Fa 2 1x10°°2 2 , 1( PL 
164. For static equilibrium, DF, = 0 l.e. a, -0 = ale) 
and =IM.=0 S 


S— _6 
or L x AT 6 _ 10°) 
* Indicates that explanatory note is given at the end a x (20 x 10 10 x 
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_ 1) 10x10? xz 
2 2x10°x 10 





E 10° 
a AT = ri x TPR = 12.5°C decreases. 


68 In this case (E) + (E = (aLAT) + (aLAT) 
100. EA S EA B S B 


100 100 
or P| 2x106 x10 1x 10° x 20 


= 25 x 100 [(20 — 10) x 10-4] 


P= 25 x 100 x 10 


or 10 = 2500 kg. 


284. This is the case of parallel shafts and 
are equal in both. 


340. Ten bricks are held together by a force of 50 kg, so 


angle of twists 


compressive stress binding them together is __°9 
25 x 25 





kg/cm?. 


The moment bottom fibres of bricks are in tension, 
the blocks will come out. 


So, tensile loading due to B.M. had to be limited to 





50 
= kg/cm2. 
25 x 25 e/ 
If P is load at centre, then B.M. a l_ Px = x 10 
and tensile stress due to it = _ 4 
35 x 257 
6 
or 50 Px25x10x6 





25x25 4x 25x 257 
or r= = 3.34 kg. 


341. The resultant of forces acting is J/2P across diagonal 
to square beam. 


B.M.= JP xl 
| Pl _N2Pl d _12Pl 
Bending stress Y2 Pt xy = a d? 
i2 


across di al = — 
agon T 


342, Bi _wWE  7n?x2x10° 
min Sy, 6000 


2 
and +) =x 1000 = 57. 
mii 5 


r 


M45, Since modulus of elasticity is the property of 
Material, it will be same under all the conditions. 


. Load diagram at (a) is correct because B.M. diagram 





between A and B is parabola which is possible with 
uniformly distributed load in this region. 


449. When subjected to bending, M -P or p (bending 





ei 
stress) =M xp- M x pe 4M 
rd Lae Tr 


4 
When subjected to torsion 


T h or M= MM) _f, 





J r nr r 
2 
Ratio of bending stress and shear stress 
4M nr 
= kia T = 2. 
nr? 2M 


450. Bending stress = M 


For rectangular beam with sides horizontal and 


a3 
vertical, Z = PA 





3 
For same section with diagonal horizontal, Z = 7 A 


Ratio of two stresses = i 
452. Volumetric strain = 2 x circumferential strain 
+ longitudinal strain. 
458. For a linearly elastic, isotropic and homogeneous 


material, the number of elastic constants required 
to relate stress and strain is four, viz, E, G, K and v. 





454. Centrifugal force = w? x radius x weight 
& 
= w2] wlA _ w wl? A 
& g 
2,72 2.42 
Stress due to this force = ours _ owl 
gA g 
stress -E 
strain 
ôl stress 
or — = — 
l E 
and g- Stressx! _ owl x1 _ owl 
J E gE gE 
T CƏ 1 
. —=— or O« — 
456 757 | 
(T, l and C remaining same in both cases) 
1 
or 8 a 
In this case 0.1 = (d/2)" , or §=1.6 radian. 
0 d* 
T 


457. 7 =S ; Since T and s, are same for hollow and solid 
r 
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shaft, so J i.e., polar modulus of section should also 
r 


be same. 


. 1 
459. In a shaft, angle of twist is proportional to z or T 


Thus for shafts having diameters in ratio of 2, polar 
moment of inertias will be in the ratio of 16 and thus 
angle of twists will be in the ratio of 16. 


T,= |T?+M? oF 52 = 424M’, 
~ M=3kKNm. 
we wi 3 


BEI 3EI 8 | 
Ratio of longitudinal strain to circumferential strain 


mfz- f ym _mf-2fh _m-2 
m mfi- fg 2mfg-f, 2m-1 


2 
TEL lis 
i 


462. 


468. 
472. 





474. For column with both ends hinged, P = 


halved, P will be 4 times. 
If D is diameter of circle and ‘a’ the side of square 


T 
section, — d? =a? or d= (4 a 
4 T 


3 2 
Z for circular section = nd” MELA kel a? =<: end Z 
32 327 8&8 


478. 


; a? 
for square section = T 


Since Z for square section is more, it is stronger. 


3 3 3 
479. Deflection in cantilever = V -W x12 _ 4W1 


3EI 3Eah? Eak? 





480. 


482. 


483. 


484. 


485. 


486. 
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If h is doubled, and W is halved, New deflection 

2Ea(2h)> 16” Ea 

Shear stress = and normal stress = 327 
T 


nd’ ` 
+ Ratio of shear stress and normal stress = 1:9 


1 ; 
Strain energy = 5 * stress x strain x volume 


| 


Hoop stress—tensile, radial stress—compressiye, anj 
longitudinal stress—tensile. 
Longitudinal stress = Sọ, hoop stress = 2s, 


20, -O O 
Max. shear stress = a a, 


2 2 
4 
Stiffness = a =f 
64R°N 
4 
For second spring, stiffness = es 
64(2R)* x= 4 


Curve A is applicable for ductile steel in which a large 
deformation is produced before rupture. Curve B is 
for brittle material for which a small deformation 
occurs before rupture. Curve C is for concrete and 
malleable cast iron. Curve D is applicable for very 
elastic material like rubber. 
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Metals are generally good condu 
electricity, malleable and ductile. They oc 
in the form of chemical compounds suc 
oxides. With the exception of noble metals 
chemically with environment and revert t 


ctor of heat and 
cur mainly in ores 
h as sulphides or 
, they tend to react 
0 compound forms. 
Ferrous Materials 

Ferrous materials can be class 


ified as pure iron, cast 
iron and steels. 


Steel 


Steel consists essentially of iron alloyed with small 
amounts of carbon and other elements. 


Production. Iron ore is first converted to pig iron in 
blast furnace where iron ore, coke, limestone and air react 
together at high temperatures. Pig iron is then remelted in a 
cupola furnace to produce cast iron. Steel is produced by 
transferring molten pig iron to either open hearth or some 
other type and removing excessive amounts of carbon, silicon, 
manganese and other impurities (sulphur, phosphorous etc.) 
by chemical reactions under certain types of slags. Required 
composition of steel is produced by adding controlled 
quantities of carbon, silicon, manganese, aluminium etc. In 
the case of alloy steels, other elements are also added. 


The removal of impurities depends upon the nature 
of the slag encountered. Acid slag (rich in siliceous materials) 
is suitable for the removal of carbon, silicon, and manganese. 

asic slag (rich in lime) is suitable for removal of sulphur 
and Phosphorous in addition to carbon, manganese, and 
Silicon. Process using acid slag is carried out in a furnace 
lined with acid refractories (silica) and a process using basic 
slag in a furnace lined with basic refractory (dolomite). 


Molten steel is poured into either a refractory mould 
lor the Production of shaped castings or into a cast iron mould 
to produce ingots to be used for subsequent fabrication into 

orgings, billets, bars, sheets or piping. 

Steel in molten state has high affinity for gases and 
to remove them certain elements are added. Otherwise gases 
Teleased during cooling may be entrapped in the solidifying 
Stee] (resulting in porosity). Oxygen is removed by adding 
manganese, silicon or aluminium which form non-metallic 
°Xides by reacting with oxygen and come out into light slag 
an top, Steels in which oxygen is fully removed are called 
fully killed steels, Hydrogen results from moisture and forms 
B ir-line cracks or flakes in steel. It is removed by subjecting 

eel to a vacuum treatment. 





Engineering Materials 


In applications involving extensive reduction in cross- 
section by forging ete. which welds up all the blow holes 
present in the original ingot, the dissolved gases need not be 
removed from steel. Such steels are known as rimming steels 


and have a very low carbon content, and these are very 
ductile. 


Solidification 

A metal commences to freeze by forming seed crystals, 
which grow, adopting a characteristic “fir-tree” form known 
as “dendrite”. These dendrites grow till they meet with 
neighbouring growths, thus forming the boundary of the 
crystal. In the case of mould, crystals near wall are formed 
quickly due to relative cool surface, and are usually small 
and known as chill zone. Towards the centre, grains are long 
and known as columnar grains. Generally, impurities in steel 
have low melting point and as such these concentrate in the 
centre. However, some are trapped between the growing 
columnar grains (known as segregates). Normal cooling 
results in formation of contraction cavity at top, termed 
“pipe”. 

Crystallographic structure. Metal consists of an 
aggregate of grains of crystals. The shape of crystal depends 
upon the method of fabrication of metal. Within each grain, 
the atoms are arranged in some characteristic pattern or 
crystal structure, which may be body-centred cubic (as with 
Cr, Mo, V, and a-iron and ŝ-iron); face centred cubic (as with 


Ni, Mn and y-iron), or close packed hexagonal (as with Zn, 
Mg and Cd). 


Allotropic forms. Some elements can exist in more 
than one crystallographic form (each form being known as 
allotropic modification). Iron exists in body-centred cubic (bec) 
form between room temperature and 910°C known as &-iron 
and in face-centred cubic (fcc) form between 1400°C and 
1539°C (melting point), known as y-iron. 

On heating iron, æ-iron changes to y-iron at 910°C and 
from y to 6-iron at 1400°C and it melts at 1539°C. Reverse 
occurs on cooling. At upto 769°C, iron is magnetic and above, 
it is non-magnetic. The changes in crystal structure at 910°C 
and 1400°C are accompanied by changes in volume. On 
heating contraction occurs at 910°C and expansion at 1400°C. 
Reverse occurs on cooling. . 

Constitution of steel. The alloying of iron with 
carbon is the basis of all steel making. While carbon content 
upto 0.008% does not have much influence, but above 0.008%, 
it can be retained in solution at elevated temperatures and 


371 


ee 
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is thrown out of solution at room temperature in the form of 


particles of iron carbide. 

Effects of carbon are : It depresses progressively the 
melting point from 1539°C. It raises progressively the 
transformation temperature at which §-iron changes to Y 
iron. It depresses progressively the transformatıon 
temperature at which y-iron changes to a-iron. 

Heat treatment. Fig. 8.1 shows a simplified form of 
steel portion of the iron-iron carbide equilibrium diagram 
for 0 to 1.5% carbon content variation. When a eutectoid steel 
(containing 0.8% carbon; composed exclusively of pearlite) 1s 
heated, a transformation in structure occurs at point S at 
723°C i.e., pearlite changes i.e. its constituent parts cementite 
and ferrite go into solution to form a new stable phase called 
austenite. Similarly for hyper or hypo-eutectoid steel 
(containing more or less than 0.8% carbon), the 
transformation occurs when temperature passes the line PS 
extended. The transformation temperature is referred to as 
the A, point. If the temperature rises beyond this point the 
excess ferrite or cementite, as the case may be, dissolves in 
the austenite. Line GS and SE mark the completion of the 
transformation according to the carbon content and are 
known as the A, and the A,m points. Beyond these critical 
temperatures, ferrite and cementite are completely in 
solution and the steel has a purely austenitic structure. The 
grain size of austenite increases with the temperature and 
duration of the temperature. On slowly cooling reverse takes 


place. 


1100° 
Austenite 
1000° 
Acm/ Cementite 
900° + 
Austenite 
00° Ferrit + 
Austenite 
A, A 
723°C 
700° Ferrite + | 


Cementite i 


Ferrite + 


Pearlite Cementite + 


Pearlite 
1:5 


Ferrite Pearlite 


0 0.5 1.0 
C Carbon contents, % 





Fig. 8.1 


In plain carbon steels, the structure produced by 
annealing i.e., heating followed by slow cooling are as per 
the equilibrium diagrams. However, with faster rates of 
cooling, equilibrium is not approached and significant 
differences in structure arise, and other modes of 
transformation due to suppression of diffusion occur. 


Effect of Alloying Elements 


. Alloys in steel after the transformation temperatures 
N and times, modify the strength (both at room and elevated 


MECHANICAL ENGinge 
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temperatures) by stiffening the crystals and by intro 
complex precipitates which harden the steel, ang a 
type of oxide film formed on the surface, thereby affet i 
corrosion resistance. ing, 

Alloying elements may be classified as one 
stabilisers (which extend the temperature range Over ne 
austenite is formed like ©, Mn, Ni, Cu and Co) ant R, 


facilitate the formation of matensite or bainite with hee | 
e 


d the | 
Which 


cooling rates and ferrite stabilisers (which exten 
temperature over which both œ and y ferrite are formed 
consequently reduce the temperature range over whi 
austenite is formed, like Si, Cr, Mo, W, Ti etc.), Element 
like Cr, Mo and V also form carbides which replace or my i 
the iron carbide 1 
in steels to be hardened and tempered because it has a sid, 
effect of making the structural changes very sluggish, whith 
makes the suppression of the austenite to ferrite change jy 


heat treatment easier to achieve. It also improves the | 
corrosion and oxidation resistance when present above 5%, — 


Cast irons. These are also alloys of iron and carbon | 


but contain large proportions of carbon, silicon, sulphur and 
phosphorous. Carbon can exist either as iron carbide or as 
graphit 
machinable (called grey iron). Irons containing carbon in the 
form of iron carbide are extremely hard and difficult to 
machine (called white or chilled irons). Irons with fairly equal 


City 


n the structure. Chromium is widely m 


e. Later type of cast iron is more soft and easily | 


proportions of graphite and iron carbide have intermediate | 
hardness and are called mottled irons. The form of carbonis | 


decided by the rate of cooling during solidification : 
chemical composition. Rapid rates of cooling result 2 
formation of iron carbide and slow rate in the graphite. As 
the rate of cooling of a casting is largely 
mass of the casting, the thin section castings te 
and large castings are always grey. 


Elements like Mn, Ni, Cu, C and Si promote 
formation and Cr promotes carbide formation. Gray 10D iting 
extensive engineering applications because it ha mars 
point and high fluidity, good erosion and corrosio vss? 
high damping capacity w.r.t. vibration and high comp! 
strength. Graphite in gray iron exists in the form ° 
which act as stress erasors under tensile loading on t 
these have relatively low tensile strength and duct! z : 

i 


White irons are used where high abrasion jen verted 
is required. The white iron in small castings 15 : gjnt? 
into graphite by heat treatment (malleabilisin®™ yek 
graphite in malleable iron is in the form of regular a pad 
than flakes, it has relatively little embrittling © 
tensile loading. 


as sus! 


ect 
Criteria for assessment of ma 
of materials depend on the criteria for thei 
these are mechanical properties at roo 
physical properties, temperature depender 
properties, weldability and corrosion resistance: af 


Mechanical properties at ambient tem 
strength and ductility. Strength is indicate 
tensile stress and proof stress. Ductility js meas 
the elongation. 


r assess 
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gndurance limit is defined as the Stress which can 
„adure d for 10 million reversals of stress and is usuall 
oxi ately 50% of the ultimate tensile Strength in mae 


ra ast of the steels. 
The presence of stress concentration in the form of 
oles, sharp changes in sections or re-entrant angles 


onounced effect on the behaviour of 4 component 
tuating stress conditions. 


notches, h 
have a Pr 
under fluc 

The physical properties are measured by thermal 
onductivity and coefficient of thermal expansion. These 
depend on the crystal structure and associated chemical 
composition. Other physical properties of steels bear a direct 
relationship to the crystal lattice structure. 


Temperature dependent properties include toughness 
brittle fracture, creep, fatigue etc. Toughness of a material 
is measured by notch impact test. Above transition 
temperatures, materials behave in a tough manner and the 
fracture exhibits a fibrous appearance. Below the transition 
temperature, the material behaves in a brittle manner and 
the fracture is characterised by bright facets (crystalline). 
When a metal is stressed at a sufficiently high temperature, 
it will continue to deform with time, although at a relatively 
low rate (creep). 


Strainless steels. Stainless steels comprise a wide 
range of iron alloys containing more than 10% chromium. 
Three types of stainless steels are: 


(i) Austinitic stainless steel having composition of 
18% Cr, 8% Ni (18/8 steel). These steels have high resistance 
of corrosion, good weldability, high toughness, especially at 
low temperature, and excellent ductility. They may be 
hardened by cold working and are non-magnetic. Special 
poperties are produced by the addition of molybdenum, 
cadmium, manganese, tungsten and columbium.Used in 
chemical plants and tanks, hospital equipment, wire ropes, 
belts, screws, springs, etc. 


(ii) Ferritic stainless steels. The chromium content 
's normally 16-20% with corrosion resistance better than 
martensitic but inferior to austenitic steels. They are used 
0r presswork because of their high ductility, but are subject 
‘0 brittle failure at low temperature. They have moderate 
strength and limited weldability and are hardenable by heat 
treatment, The low carbon content makes them suitable for 
ae without cracking. They are magnetic and have low 
“cients of thermal expansion. 


(iii) Martenstic stainless steels in whic 


mium content is 12-18% and the nickel content iS 
sistant of all. 


h the 
chro 


ee These steels are the least corrosion re spe 
Y are unsuitable for welding or cold forming. They ha 


— machineability and are used where high ier 
turbi ering at high temperature is important, ae i 
dental blades. Used for kitchen appliances, surs! 

struments, springs, fasteners, etc. | 
Non-ferrous metals. These in general do not display 
fou q oontinuity or yield point in the stress-strain — : 
dete n mild steels. For them, the yield A Ar 
elos ned by the load necessary to produce a specille 
ation (usually 0.5%). 
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ners ae be used in either as cast condition or after 
nasties -! y cold working. For most metals the hardness 
bitw e oy cold working is stable at room temperature, 
i ead, zinc or tin will disappear in time since they 
€crystallise at room temperature after working. 


i; Aluminium alloys can be hardened and strengthened 

y two step heat treatment ie. solution heat treatment 
followed by rapid quenching and a precipitation or ageing 
treatment to cause separation of a second phase from solid 
solution and hardening. 


Aluminium and its alloys. It owes most of its 
application to its light weight and the relatively high strength 
of its alloys. Commercial aluminium is a soft and ductile 
metal. The alloys of aluminium possess better casting and 
machining characteristics and better mechanical properties. 


Aluminium-copper and aluminium-silicon alloys are 
used for sand castings. Al-Mg alloys have excellent resistance 
to corrosion and machinability. 


Duralumin is readily hot worked and it hardens 
spontaneously at room temperature after solution heat- 
treatment. Cold working following age-hardening gives the 
highest strength obtainable with alloys. 


Copper and its alloys. Copper alloys are useful on 
account of their heat or electrical conductivity, good cold or 
hot-working properties, machinability, or corrosion 
resistance. For high conductivity and greater strength, alloys 
containing cadmium etc. are used. Brass is the cheapest 
copper alloy used unless high corrosion resistance under 
stress is required. Brass with 30-35% Zn is used where good 
cold-working properties are desired. For ease in machining, 
leaded brass is used. For high elastic strength, tin bronzes 
are used. The alloys of Cu with Al or Si or Ni are good for 
corrosion resistance. 

Season cracking (spontaneous cracking occurring on 
exposure to atmospheric corrosion) occurs with high zinc 
brasses (Zn above 15%). 


Magnesium and its alloys. Mg is the lightest metal 
of structural importance. It finds application in aircraft, 
moving and reciprocating parts etc. It is mainly used in 
magnesium-rich alloys. Aluminium is the chief addition. Mg- 
alloys have improved elevated temperature properties. 


Nickel and its alloys. Nickel is used where the 
thermal or electrical properties of nickel are required and 
where corrosion resistance is needed in parts that have to be 


worked extensively. 

An important nickel rich alloy is monel. It has high 
strength; high ductility and excellent resistance to corrosion. 
Its strength can be increased by cold working alone. 


Inconel is a high strength non-magnetic N i—Cr—Fe 
alloy used for corrosion and heat resisting purposes 1n non- 
sulphidising atmosphere. Several nickel base alloys have very 
good properties at low temperatures 1n contrast to ferrous 
alloys. 

Lead and its alloys. Corroding lead is the earner 
purity commercial lead used for making white lead. eae 
lead is used in chemical plants to withstand corrosio 
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ties. 
d for alloying proper 
H,SO,), common lead 16 use ater strength is needed. 


Antimonial lead is used where gre ap 
Lead is an important constituent of alloys w1 


and copper (type metals). 

Zinc and its alloys. Zinc i a 
galvanising etc. It should not be used in application 
continuous high stresses are involved. 

Alloys of zinc containing 0.65 to 1.25% copper are 
significantly stronger than pure zinc and possess jae 
ductility and working properties. Zinc alloys are ideally suite 
for die casting because of low melting point. | 

Tin and its alloys. Tin is an important minor 
contituent of fusible alloys, bronzes, and type metals. The 
largest single use of metallic tin is for tin plate, with solders 
and bearing metals. 

Plastics. The term ‘plastic’ is used for materials based 
on polynomers to which other materials are added to give 
the desired properties. ‘Fillers’ increase strength, ‘plasticizers’ 
reduce rigidity, and ‘stabilizers’ protect against ultraviolet 
radiation. 

‘Thermoplastic’ polymers soften when heated and 
can be reshaped, the new shape being retained on cooling. 
The process can be repeated continuously. 


Thermosetting polymers (or thermosets) can be 
softened and reshaped by heating. They are plastic at some 
stage of processing but finally set and cannot be resoftened. 
Thermosets are generally stronger and stiffer than 
thermoplastics. 


Thermoplastics comprise acetal and polyacetal, 
Acrylics (methylmethacrylate, PMMA), Acrylonitrile- 
butadiene-styrene (ABS), Cellulose, Ethylene-vinyl acetate 
(EVA), Fluorocarbons, Ionomers, Methylpentene (TPX), 
Polyethylene terephthalate (PETP), Polyamides (nylons), 
Polyethylene, Polyethersulphone, Polypropylene oxide (PPO), 
Polystyerene, Polysulphone, Polyvinyl chloride (PVC), 
Polycarbonate, Polypropylene, Polyphenylene sulphide, 
Polyphenylene oxide, etc. 


Thermosets comprise Alkyds, Amino resins, 


Expoxies, Epon resins, Phenolics (phenol formaldehyde, PF), 
Polyester, Polyimides, Silicones, etc. 


Laminated plastics consist of layer of fibrous 
material impregnated with and bonded together by a 
thermosetting resin to produce sheet, bars, rods, tubes, etc. 
The laminate may be ‘decorative’ or ‘industrial’, the latter 
being of mechanical or electrical grade. 


s used for die casting, 
s where 


MULTIPLE CHOICE QUESTIONS 


1. Ductility of a material can be defined as 
(a) ability to undergo large permanent defor- 
mations in compression 
(b) ability to recover its original form 
(c) ability to undergo lar 
mations in tension 
(d) all of the above 
(e) none of the above. 


ge permanent defor- 


MINERD, 

Elastomers or rubbers, are essentially Ng 
polymers with linear chain molecules with some cron 
which ensures elasticity and the return of the mate, hy 
original shape when a load is removed, T À oih 
characterized by large strains (typically 100%) under» a, 


The synthetic rubber styrene butadiene is the most na | 
Se 





Dhi P | 


elastomer. 


Adhesives are materials which are used to joins | 
(adherents) by means of a thin layer which adheres Ta 
solids. At some stage the adhensive is liquid or plastic 


sets to form a solid. In the final stage it may be rigi 
or 


flexible. 

Natural adhesives. These are set by TA 
evaporation. They are generally of low strength aiid i 
weakened by moisture and mould. They are restricted i 
joining low-strength materials. 

Elastomer adhesives. These adhesives are baseg i 
natural and synthetic rubbers set by solvent evaporation , 
heat curing. They have relatively low shear strength and 
suffer from creep and are therefore used for unstressed joints 
They are useful for flexible bonds with plastics and rubber, 


‘Contact adhesives’ use rubber in a solvent and wil] 
join many materials. | 


Composites are materials, consisting of two (or more) | 
different materials bonded together, one forming a ‘matrix | 
in which are embedded fibres or particles that increase the | 
strength and stiffness of the matrix material. | 

A natural composite is wood in which cellulose fibres | 
are embedded in a lignin matrix. Concrete is a composite in 
which particles of stone add strength with a further increase 
in strength provided by steel reinforcing rods. Vehicle tyres 
consist of rubber reinforced with woven cords. 


Plastic are reinforced with glass, carbon and other 
fibres. The fibres may be unidirectional, woven or random 


chopped. Metals, carbon and ceramics are also used as matris 
materials. 


| 


So-called ‘whiskers’, which are single crystals of silicon | 


carbide, silicon nitride, sapphire, etc., give extremely hig 
strength. 


Cermets consist of powdered ceramic material in? | 
matrix of metal, combining the hardness and strength ° 
ceramic with the ductility of the metal to produce 4 par 
strong, yet tough, combination; the process 12V° " 
compaction and sintering. 





2. Malleability of a material can be defined 4 defor 
(a) ability to undergo large permanent 
mations in compression 
(b) ability to recover its original form 


i 

defo" | 

six € | 

(c) ability to undergo large permane” ; 
mations in tension r i 

(d) all of the above (e) none of the abov | 
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a Tat mpression, a prism of brittle mat 
(a) by forming a bulge 
(b) by shearing along oblique plane 
(c) in direction perpendicular to application of load 
(d) by crushing into thousands of pieces 
(e) none of the above. 


erial wil] break 


4. The ability of a material to resist so 
temperature is known as 


(a) creep 
(c) hot hardness 


(e) superhardening. 


ftening at high 


(6) hot tempering 
(d) fatigue 


5. Mild steel belongs to the following category 


(a) low carbon steel (6) medium carbon steel 


(c) high carbon steel (d) alloy steel 
(e) special steel. 
6. The ultimate tensile strength of low carbon stee] by 
working at a high strain rate will 
(a) decrease (b) increase 
(c) remain constant 
(d) first increase and then decrease 
(e) first decrease and then increase. 


7. Slow plastic deformation of metals under a constant 
stress is known as 
(a) creep (b) fatigue 

(c) endurance (d) plastic deformation 

(e) non-plastic deformation. 


8. The ultimate tensile strength and yield strength of 
most of the metals, when temperature falls from 
0° to — 150°C will 
(a) increase (b) decrease 

(c) remain same 

(d) first increase and then decrease 

(e) show unpredictable behaviour. 


9. The number of electrons in 1 cm? of metal would be 


of the order of 

(a) 1010 (b) 1016 
(c) 1022 (d) 104° 
(e) 1052, 


10. Stress relaxation is the phenomenon 
(a) in which parts are not loaded 
(b) in which stress remains constan 
load na 
(c) in which deformation tends to loosen the joint 
and produces a stress reduction 
(d) stress reduces on increasing load 
(e) none of the above. l 
u, The elastic stress strain behaviour of rubber 1s 
(b) non-linear l 
(d) no fixed relationship 


t on increasing 


(a) linear 
(c) plastic 
(e) unpredictable behaviour. 





12. Isotropic materials are those which have the same 
(a) elastic properties in all directions 
(b) stresses induced in al] directions 
(c) thermal properties in all directions 
(d) electric and magnetic properties in all directions 
(e) density throughout. 

13. Recrystallization temperature is one 


(a) at which crystals first start forming from molten 
metal when it is cooled 


(6) at which new spherical crystals first begin to 
form from the old deformed one when a strained 
metal is heated 


(c) at which change of allotropic form takes place 

(d) at which crystals grow bigger in size 

(e) at which crystals are destroyed on heating. 
14. Points of arrest for iron correspond to 

(a) stages at which allotropic forms change 


(b) stages at which further heating does not 
increase temperature for some time 


(c) stages at which properties do not change with 
increase in temperature 


(d) there is nothing like points of arrest 
(e) none of the above. 
15. Delta iron occurs at temperature of 
(a) room temperature (6) above melting point 
(c) between 1400°C and 1539°C 
(d) between 910°C and 1400°C 
(e) none of the above. 
16. A material is known as allotropic or polymorphic if 
it 
(a) has a fixed structure under all conditions 


(b) exists in several crystal forms at different 
temperatures 


(c) responds to heat treatment 
(d) has its atoms distributed in a random pattern 
(e) none of the above. 


17. Superconduction by metals is observed in the 
temperature range of 


(a) below 10°K 
(c) around 0°C 
(e) above 1000°C. 


18. Which of the following constituents of steels is softest 
and least strong ? 


(b) above 100°K 
(d) around 100°C 


(b) pearlite 
(d) cementite 


(a) austenite 

(c) ferrite 

(e) bainite. 
19. Which of the following represents the allotropic forms 

of iron ? 2 

(a) alpha iron, beta iron and gamma iron 


(b) alpha iron and beta iron 
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20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


(c) body centred cubic a-iron and face centred cubic 


a.-iron 
(d) alpha iron, gamma iron and delta iron 
(e) none of the above. 
The following types of materials are usually the most 
ductile 
(a) face-centred cubic lattice 
(b) body-centred cubic lattice 
(c) hexagonal close-packed lattice 


(d) all of the above (e) none of the above. 
Pure iron is the structure of 
(a) ferrite (b) pearlite 


(c) anstenite (d) ferrite and cementite 
(e) ferrite and pearlite. 


The temperature at which ferromagnetic alpha iron 
transforms to paramagnetic alpha iron is 


(a) 770°C (b) 910°C 

(c) 1050°C 

(d) below recrystallisation temperature 

(e) above recrystallization temperature. 
Gamma iron exits at following temperature 

(a) room temperature (b) near melting point 
(c) between 1400°C and 1539°C 

(d) between 910°C and 1400°C 

(e) none of the above. 


Ferromagnetic alpha iron exists in temperature 
range of 


(a) below 723°C 
(c) 910 — 1440°C 
(e) above 1539°C. 
Paramagnetic alpha iron changes to gamma iron at 
(a) 770°C (6) 910°C 

(c) 1440°C (d) 1539°C 

(e) none of the above. 


(b) 770 — 910°C 
(d) 1400 — 1539°C 


A reversible change in the atomic structure of steel 


with corresponding change in the properties is known 
as 


(a) molecular change 
(c) allotropic change 
(e) atomic change. 


(b) physical change 
(d) solidus change 


The molecules in a solid move 


(a) in a random manner (b) ina haphazard way 
(e) in circular motion 

(d) back and forth like tiny pendulums 

(e) do not move, 


The crystal structure of gamma iron is 
(a) body centred cubic (b) face centred cubic 
(c) hexagonal close packed 


(d) cubic structure (e) orthorhombic crystal. 


» 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 
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The crystal of alpha iron is 

(a) body centred cubic (b) face centreq sa 
(c) hexagonal close packed 

(d) cubic structure (e) orthorhombic ysta 
The metallic structure of mild steel is a 
(a) body centred cubic (b) face centred = 

(c) hexagonal close packed 

(d) cubic structure (e) orthorhombic — 
For the allotropic forms of iron, the points of nee 
are 

(a) the points where no further change occurs 


(b) constant for all metals 
(c) the points where there is no further floy P 
metal 
(d) the points of discontinuity ; 
(e) the points where major changes take place, 


The percentage of carbon in pig iron varies from 
(a) 0.1 to 1.2% (b) 1.5 to 2.5% 

(c) 2.5 to 4% (d) 4 to 4.5% 

(e) 4.5 to 6.3%. 

The percentage of carbon in grey iron castings 
usually varies between 
(a) 0.5 to 1% 

(c) 2.5 to 4.5% 

(e) 7-9%. 

Pig iron is the name given to 


(a) raw material for blast furnace 

(b) product of blast furnace made by reduction of 
iron ore 

(c) iron containing huge quantities of carbon 

(d) iron in molten form in the ladles 

(e) iron scrap. 


(b) 1-2% 
(d) 5-71% 


= 


The unique property of cast iron is its high | 
(a) malleability (b) ductility | 
(c) surface finish | 
(d) damping characteristics | 
(e) hardness. 

Cast iron is characterised by minimum of follows 
%age of carbon 
(a) 0.2% 


(b) 0.8% : 
(c) 1.3% (d) 2% 
(e) 6.3%. 
In grey cast iron, carbon is present in the form ° 
(a) cementite (b) free carbon 


(c) flakes (d) spheroids 
(e) nodular aggregates of graphite. 

In nodular iron, graphite is in the form of 
(a) cementite (b) free carbon 
(c) flakes (d) spheroids 
(e) nodular aggregates of graphite. 


f 
j 
$ 
f 
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g9, In malleable iron, carbon is present in the form of 48. In mottled cast iron, carbon is available in 
(a) cementite (b) free carbon (a) free form (b) combined form 
(c) flakes (d) spheroids (c) nodular form (d) flat form 
(e) nodular aggregates of graphite. (e) partly in free and partly in combined state. 
40. Wrought iron is 49. An important property of high silicon (12 - 18%) cast 
(a) hard (6) high in strength iron is the high 
(c) highly resistant to corrosion (a) tenacity (b) brittleness 
(c) plasticity (d) corrosion resistance 


(d) heat treated to change its properties 
(e) hardness. 


(e) least resistant to corrosion. 
50. An important property of malleable cast iron in 


41. Sulphur in pig iron tends to make it comparison to grey cast iron is the high 
(a) hard (b) soft (a) compressive strength | 
(c) ductile (d) tough (b) ductility (c) carbon content 
(e) malleable. (d) hardness (e) surface finish. 
42. Pick up wrong statement about wrought iron 51. Steel contains 
(a) It contains carbon of the order of 0 to 0.25% (a) 80% or more iron (6) 50% or more iron 
(b) It melts at 1535°C (c) alloying elements like chromium, tungsten 


nickel and copper 
(d) elements like phosphorus, sulphur and silicon in 
varying quantities 
(e) It is made by adding suitable percentage of (e) high quantities of sulphur. 
carbon to molten iron and subjecting the product l 
52. Carbon steel is 


to repeated hammering and rolling. 
(a) made by adding carbon in steel 


(c) It is very soft and ductile 
(d) It can be easily forge welded 


43. Iron is 
, , (b) refined from cast iron 
(a) paramagnetic (b) ferromagnetic (c)an alloy of iron and carbon with varying 
(c) ferroelectric (d) dielectric quantities of phosphorus and sulphur 
(e) none of the above. (d) extensively used for making cutting tools 
44. A reversible change in the atomic structure of the (e) extremely brittle. 
steel with a corresponding change in the properties 53. Annealing of white cast iron results in production of 
is known as (a) malleable iron (b) nodular iron 
(a) allotropic change (b) recrystallisation (c) spheroidal iron (d) grey iron 
(c) heat treatment (d) precipitation (e) none of the above. 
(e) austempering. 54. ‘Killed steels’ are those steels 
45. Chilled cast iron has (a) which are destroyed by burning 
(a) no graphite (b) which after their destruction are recycled to 


(b) a very high percentage of graphite produce fresh steel 


(c) a low percentage of graphite 
(d) graphite as its basic constituent of composition 


(c) which are deoxidised in the ladle with silicon 
and aluminium 


(d) in which carbon is completely burnt 


ae 


(e) none of the above is true. (e) which have poor properties due to improper 
46. Cast iron has manufacturing. 
(a) high tensile strength 55. Hardness of steel depends on 
(b) its elastic limit close to the ultimate breaking (a) amount of carbon it contains 
Strength (6) the shape and distribution of the carbides in iron 
(c) high ductility (c) method of fabrication 
(d) all of the above (d) contents of alloying elements 
(e) none of the above. (e) the quality of ore from which it is made. 
_ 47. White cast iron contains carbon in the form of 56. Maximum percentage of carbon in ferrite is 
(a) free carbon (b) graphite (a) 0.025% (b) 0.06% 
(c) cementite (d) white carbon (c) 0.1% (d) 0.25% 
(e) ferrite. (e) 0.8%. 
ae 
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57. 


58. 


59. 


60. 


61. 


62. 


63. 


Maximum percentage of carbon in austenite 1S 


(a) 0.025% (b) 0.26% 

(c) 0.8% (d) 1.25% 

(e) 1.7%. 

Corrosion resistance of steel is increased by addition 
of 


(a) chromium and nickel 

(b) sulphur, phosphorus, lead 

(c) vanadium, aluminium 

(d) tungsten, molybdenum, vanadium, chromium 
(e) zinc. 

In which of the following cases, consideration of creep 
is important 

(a) flywheel of steam engine 

(6) cast iron pipes (c) cycle chains 

(d) gas turbine blades (e) piston I.C. engine. 
The most effective inhibitor of grain growth, when 
added in small quantities is 


(a) carbon (b) vanadium 
(c) manganese (d) cobalt 
(e) copper. 


Depth of hardness of steel is increased by addition 
of 

(a) nickel 

(c) tungsten 

(e) all of the above. 
Railway rails are normally made of 

(a) mild steel (b) alloy steel 

(c) high carbon (d) tungsten steel 
(e) cast iron steel. 


Pick up the wrong statement 
(a) aluminium in steel results in excessive grain 


(b) chromium 
(d) vanadium 


growth 

(b) manganese in steel induces hardness 

(c) nickel and chromium in steel help in raising the 
elastic limit and improve the resilience and 
ductility 

(d) tungsten in steels improves magnetic properties 
and hardenability 

(e) sulphur, phosphorous and lead improve machin- 
ing properties of steel. 


. Pick up the wrong statement 


Nickel and chromium in steel help in 

(a) providing corrosion resistance 

(b) improving machining properties 

(c) providing high strength at elevated tempera- 
tures 

(d) raising the elastic limit 

(e) improving the resilience and ductility. 


. Machining properties of steel are improved by adding 


(a) sulphur, lead, phosphorous 

(b) silicon, aluminium, titanium 

(c) vanadium, aluminium 

(d) chromium, nickel (e) lubricants. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 
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Eutectoid steel contains following Perce 
carbon Nap, i 
(a) 0.02% (b) 0.3% | 
(c) 0.63% (d) 0.8% l 
(e) 1.2%. | 


The basic constituents of Hastelloy are 

(a) aluminium, copper etc. 

(b) nickel, molybdenum etc. 

(c) nickel, copper, etc. (d) all of the dhive 
(e) none of the above. 

Basic constituents of Monel metal are 


(a) nickel, copper (b) nickel, molybdenum 


(e) zinc, tin, lead (d) nickel, lead and t 


(e) none of the above. 

German silver is an alloy of 

(a) silver and some impurities 

(b) refined silver 

(c) nickel, copper and zinc 

(d) nickel and copper (e) silver and gold. 


Surveying tapes are made of a material having low 


il) 


coefficient of expansion and enough strength. The 
alloy used is 
(a) silver metal (b) duralumin 
(c) Hastelloy (d) monel metal 
(e) invar. | 
A cold chisel is made of | 
(a) mild steel (b) cast iron | 
(c) H.S.S. (d) high carbon | 
(e) german silver. | 
An engineer’s hammer is made of | 
(a) cast iron (b) forged steel 
(c) mild steel (d) high carbon steel | 
(e) H.S.S. | 
Inconel is an alloy of 
(a) nickel, chromium and iron | 
(b) nickel, copper (c) nickel, chromium | 
(d) nickel, zinc (e) nickel, lead. it | 
By severely deforming a metal in 4 partic? | 
direction it becomes | 
(a) ductile (b) malleable : 
(c) homogeneous (d) isotropic — | 
(e) anisotropic. : 
Solder is an alloy consisting of | 
(a) tin, antimony, copper 
(b) tin and copper (c) tin and lead f 
(d) lead and zinc (e) lead and copP®™ 
Cyaniding is the process of 
(a) dipping steel in cyanide bath ! 
(b) reacting steel surface with cyanide ma ent df , 
t tre? 2 


(c) adding carbon and nitrogen by hea 
steel to increase its surface hardnes 


(d) obtaining cyanide salts 


(e) making corrosion resistant steel. 


Scanned by CamScanner 








ic MATERIALS 


EM a7, Induction hardening is the process of 


(a) hardening surface of workpiece to obtain hard 
and wear resistant surface 
(b) heating and cooling rapidly 
(c) increasing hardness throughout 
(d) inducing hardness by continuous process 
(e) hardening core. 
78. The loss of strength in compression with 


simultaneous gain in strength in tension due to 
overloading is known as 


(a) hysteresis 
(c) visco elasticity 
(e) inelasticity. 


(b) creep 
(d) Boeschinger effect 


79. Process of austempering results in 
(a) formation of bainite structure 
(b) carburised structure 
(c) martenistic structure 
(d)lamellar layers of 
throughout the structure 
(e) relieving of stresses throughout a component. 


80. The surface hardness of the following order is 
achieved by nitriding operation 


carbide distributed 


(a) 600 VPN (b) 1500 VPN 
(c) 1000 to 1100 VPN (d) 250 VPN 
(e) 2000 VPN. 

81. Hardness of martensite is about 
(a) RC 65 (b) RC 48 
(c) RC 57 (d) RC 80 
(e) RC 32. 


82. Weld decay is the phenomenon found with 
(a) cast iron (b) mild steel 
(c) non-ferrous materials 
(d) wrought iron (e) stainless steel. 
83. Materials after cold working are subjected to 
following process to relieve stresses 
(a) hot working (b) tempering 
(c) normalising (d) annealing 
(e) special heat treatment. 
84. Hardness of upper bainite (acicular structure) 1s 


about . 

(a) RC 65 (b) RC 48 
(c) RC 57 (d) RC 80 
(e) RC 32. 


85. Carbon in iron is an example of 
(a) substitutional solution 
(b) interstitial solid solution 
(c) intermetallic compounds 
(d) all of the above (e) none of the above. 
- Brass (alloy of copper and zinc) is an example of 
(a) substitutional solid solution 
(b) interstitial solid solution 
(c) intermetallic compounds 
(d) all of the above 
(e) none of the above. 


87. Which is false statement about annealing. Annealing 
is done to ? 
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(a) relieve stresses (6) harden steel slightly 
(c) improve machining characteristic 

(d) soften material 

(e) permit further cold working. 


88. Argentite is the principal ore or raw material for 


(a) aluminium (b) tin 
(c) zine (d) lead 
(e) silver. 
89. Hardness of lower bainite (tempered martensite) is 
about 
(a) RC 65 (b) RC 48 
(c) RC 57 (d) RC 80 
(e) RC 32. 
90. Sphalerite is the principal ore or raw material for 
(a) zinc (b) silver 
(c) tin (d) magnesium 
(e) copper. 


91. Which is false statement about normalising ? 
Normalising is done to 
(a) refine grain structure 
(b) reduce segregation in casting 
(c) improve mechanical properties 
(d) induce stresses 
(e) relieve internal stresses. 
92. Vanadium in high speed steels 
(a) promotes decarburisation 
(b) provides high hot hardness 


(c) forms very hard carbides and thus increases 
wear resistance 


(d) promotes retention of austenite 
(e) increases toughness. 
93. Amorphous material is one 
(a) in which atoms align themselves in a geometric 
pattern upon solidification 
(6) in which there is no definite atomic structure 
and atoms exist in a random pattern just as ina 
liquid 
(c) which is not attacked by phosphorous 
(d) which emits fumes on melting 
(e) none of the above. 
94. Dislocations in materials refer to the following type 
of defect 
(a) point defect 
(c) plane defect 
(e) chemical defect. 


95. An example of amorphous material is 


(6) line defect 
(d) volumetric defect 


(a) zine (b) lead 
(c) silver (d) glass 
(e) brass. 


96. Which is false statement about tempering. 
Tempering is done to ? 
(a) improve machinability 
(b) improve ductility 
(c) improve toughness 
(d) release stresses 
(e) reduce hardness and brittleness. 
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97. Which is false statement about case hardening ? 
Case hardening is done by | 
(a) electroplating (b) cyaniding 
(c) induction hardening (d) nitriding 
(e) flame hardening. E 
98. Which of the following is the binding material ın 
cemented carbides ? 


(a) cobalt (b) nickel 
(c) vanadium (d) iron 
(e) carbon. 


99. Chromium in steel 
(a) improves wear resistance, cutting ability and 
toughness 
(b) refines grain size and produces less tendency to 
carburisation, improves corrosion and heat 
resistant properties 
(c)improves cutting 
hardenability 
(d) gives ductility, toughness, tensile strength and 
anticorrosion properties 
(e) makes steel hard. 
100. Manganese in steel increases its 
(a) tensile strength (6) hardness 
(c) ductility (d) fluidity 
(e) malleability. 
101. Cemented carbide tools are not found to be suitable 
for cutting 
(a) brass 
(c) aluminium 
(e) non-ferrous alloys. 
102. Sulphur in steel 
(a) acts as deoxidiser (b) reduces the grain size 
(c) decreases tensile strength and hardness 


(d) lowers the toughness and transverse ductility 
(e) increases hardness. 


103. Tungsten in steel 


ability and reduces 


(6) cast iron 
(d) steel 


(a) improves wear resistance, cutting ability and 
toughness 
(b) refines grain size and produces less tendency to 


carburisation, improves corrosion and heat 
resistant properties 


(c) improves cutting 
hardenability 
(d) gives ductility, toughness, tensile strength and 
antıcorrosion properties 
(e) raises its melting point. 
104. Tungsten in high speed steel provides 
(a) hot hardness (b) toughness 
(c) wear resistance (d) i 
sharp cutt 
(e) cold hardness. _ = 
105. Which of the following is not the 
increasing fatigue limit ? 
(a) shot peening 
(c) cold working 
(d) surface decarburisation 
(e) under-stressing. 


ability and reduces 


correct method of 


(b) nitriding of surface 
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106. Connecting rod is usually made of 
(a) aluminium (b) low carbon g fe 
(c) medium carbon steel 
(d) high carbon steel (e) cast iron. 

107. Which of the following pipes is least "N | 
resistant ? Sip 


(a) brass (b) mild steel 
(c) cast iron (d) wrought iron 
(e) copper. 


108. Tensile strength of steel can be safely increase 

(a) adding carbon upto 2.8% 

(b) adding carbon upto 6.3% 

(c) adding carbon upto 0.83% 

(d) adding small quantities of copper 

(e) adding copper and carbon. 

109. High carbon steel carries carbon %age of 

(a) 0.1 to 0.3% (b) 0.3 to 0.6% 

(c) 0.6 to 0.8% (d) 0.8 to 1.5% 

(e) 1.5 to 2.5%. 

110. Cobalt in steel 

(a) improves wear resistance, cutting ability and 
toughness. 

(b) refines grain size and produces less tendency to 
carburisation, improves corrosion and heat 
resistant properties. 

(c) improves cutting 
hardenability. 

(d) gives ductility, toughness, tensile strength and 
anticorrosion properties. 

(e) none of the above. 


111. The percentage of carbon in low carbon steel is 


dh 


ability and reduces 


(a) 0.05% (b) 0.15% 
(c) 0.3% (d) 0.5% 
(e) 0.7%. 


112. The hardness of steel increases if it contains 
(a) austenite (b) martensite 
(c) pearlite (d) cementite 
(e) all of the above. 

113. Grey cast iron Jis 
(a) contains 1.7 to 3.5% carbon in free state” | 


. irot: 
obtained by the slow cooling of molten cast ae 


(c)is produced by annealing process. i: 
tough and easily machined metal. m 
(d) is produced by small additions of mas” ero | 
cerium) in the ladle. Graphite is in Pe erse! 
spheroidal form and is well iad 
throughout the material. 
(e) none of the above is true. 
114. Nodular iron has int 
(a) high machinability (b) low melting gs 
(c) high tensile strength (d) good fluidity 
(e) all of the above. 
115. Nickel in steel ability om 


(a) improves wear resistance, cutting © 
toughness 
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refines grain size and produces less te 

carburisation, improves corrosion 

resistant properties 

;)improves cutting 
hardenability 


(d) gives ductility, toughness, tensile Strength and 
anticorrosion properties 


(e) none of the above. 
ç, Which of the following elements does not impart 


ndency to 
and heat 
ability 


and reduces 


l hardness to steel ? 


(b) chromium 


(a) copper 
(d) silicon 


(c) nickel 
(e) none of the above. 
117, The presence of sulphur in pig iron makes 
(a) it easily machinable 
(b) it brittle 
(d) the casting unsound 
(e) increases the fluidity. 
118. Melting point of iron is 
(a) 1539°C 
(c) 1489°C 
(e) 1131°C. 
119, Compressive strength of grey cast iron in tonnes/cm2 
is of the order of 


(c) it hard 


(6) 1601°C 
a) ITIC 


(a) 3-5 (b) 5-7 
(c) 7-10 (d) 10-15 
(e) 15- 22. 
120. Blast furnace produces following by reduction ofiron 
ore 


(a) cast iron 
(c) wrought iron 
(e) white iron. 
121, Cupola produces following material 
(a) cast iron (b) pig iron 
(c) wrought iron (d) malleable iron 
(e) white iron. 
122. The machinability of steel is increased by 
(a) silicon and sulphur 
(b) phosphorous, lead and sulphur 
(c) sulphur, graphite and aluminium 
(4) phosphorous and aluminium 
(e) none of the above. 
: The following element can’t impart high s trength at 
elevated temperature 
a) manganese 
c) nickel 
124 e) none of the above. 
` “Dich of the following element results in presence 


a free graphite in C.I ? 


3 silicon 
1%, e) Phosphorous, 
| Ite cast iron di 
% contains 1.7 to 3.5% carbon in free state an n 
obtained by the slow cooling of molten cast 1ro 


(6) pig iron 
(d) malleable iron 


123 


(b) magnesium 
(d) silicon 


(b) sulphur 
(d) manganese 


126. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 


134. 


135. 
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(b) is P So known as chilled cast iron and is obtained 
m H roo Pi rapidly. It is almost unmachinable 
i produced by annealing process. It is soft, 
n tough and easily machined metal 
) is produced by small additions of magnesium (or 
crelum) in the ladle. Graphite is in nodular or 
spheroidal form and is well dispersed 
throughout the material 
(e) none of the above. 


Cold rolled steel sheets contain carbon of the 
following order 

(a) 0.1% (b) 0.2% 

(c) 0.4% (d) 0.6% 

(e) 0.8%. 

Pipes for bicycle frames are made of 


(a) cold rolled steel 

(c) forged steel 

(e) carbon-chrome steel. 
Large forgings, crank shafts, axles normally contain 
carbon upto 

(a) 0.05 to 0.20% 
(c) 0.45 to 0.55% 
(e) 1.0 to 1.2%. 


(b) hot rolled steel 
(d) cast steel 


(b) 0.20 to 0.45% 
(d) 0.55 to 1.0% 


Heavy duty leaf and coil springs contain carbon of 
the following order 

(a) 0.2% (b) 0.5% 

(c) 0.8% (d) 1.0% 

(e) 1.5%. 


Taps, dies and drills contain carbon 

(a) below 0.5% (b) below 1% 

(c) above 1% (d) above 2.2% 

(e) nil. 

Drop forging dies contain carbon of the order of 

(a) 0.1 to 0.2% (b) 0.25 to 0.5% 

(c) 0.6 to 0.7% (d) 0.7 to 0.9% 

(e) 1.0 to 1.2%. 

Which is the false statement about wrought iron ? It 

has 

(a) high resistance to rusting and corrosion 

(b) high ductility 

(c) ability of hold protective coating 

(d) easily weldable characteristics 

(e) uniform strength in all directions. 

The tensile strength of wrought iron is maximum 

(a) along the lines of slag distribution | 

(b) perpendicular to lines of slag distribution 

(c) uniform in all directions 

(d) unpredictable (e) none of the above. 

Balls for ball bearings are a y x 

a) cast iron (b) mild stee 

o stainless steel (d) carbon-chrome steel 

(e) high carbon steel. 

Malleable cast iron 

(a) contains 1.7 to 3.5% ) 
obtained by the slow coolin 


carbon in free state and is 
g of molten cast iron 
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(b) is also known as ch | 
by cooling rapidly. It is almost unmachinable 


(c)is produced by annealing process. It is soft, 


tough, and easily machined metal 


i iti f magnesium (or 
(d) is produced by small additions of r 

cerium) in the ladle. Graphite 1s 1n the nodular 

or spheroidal form and is well dispersed 


throughout the material 
(e) none of the above. 


136. Preheating is essential in welding 


(a) cast iron (b) high speed steel 
(c) all non-ferrous materials 
(d) all of the above (e) none of the above. 


137. The hardness of steel primarily depends on 


(a) %age of carbon 

(b) Mage of alloying elements 

(c) heat treatment employed 

(d) method of manufacture 

(e) shape of carbides and their distribution in iron. 


138. Steel made from phosphatic iron is 


(a) brittle (b) hard 
(c) ductile (d) tough 
(e) malleable. 


139. Ductile cast iron 
(a) contains 1.7 to 3.5% carbon in free state and is 
obtained by the slow cooling of molten cast iron 
(b) is also known as chilled cast iron and is obtained 
by cooling rapidly. It is almost unmachinable 
(c)is produced by annealing process. It is soft, 
tough and easily machined metal 
(d) is produced by small additions of magnesium (or 
creium) in the ladle. Graphite is in nodular or 
spheroidal form and is well dispersed 
throughout the material 
(e) none of the above. 
140. Brass contains 
(a) 70% copper and 30% zinc 
(b) 90% copper and 10% tin 
(c) 85-92% copper and rest tin with little lead and 
nickel 
(d) 70-75% copper and rest tin 
(e) 70% copper and 30% tin. 
141. The crystal structure of brass is 
(a) F.C.C. (b) B.C.C. 
(c) H.C.P. 
(d) Orthorhombic crystalline structure 
(e) none of the above. 
142. The composition of silver solder is 
(a) silver, copper, zinc (b) silver, tin, nickel 
(c) silver, lead, zinc 
(d) silver, copper, aluminium 
(e) silver, lead, tin. 
143. Which one of the following metals would work- 
harden more quickly than the others ? 
(a) copper (b) brass 


(c) lead (d) silver 
(e) aluminium. 


illed cast iron and is obtained 144. A specimen of aluminium me 


145. The usual composition of a soldering alloy jg 


146. Admiralty brass used for steam condenge, ty 
hy 


147. Corrosion resistance of steel is increased by addiy 


148. Corrundum contains more than 95% 


149. Alnico, an alloy used extensively for permaner 


150. If a refractory contains high content of silicon, ! 


153. The correct sequence for descendin 


154. Structural steel contains following princip? 
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under microscope shows 

(a) B.C.C. crystalline structure 
(b) F.C.C. crystal structure 

(c) H.C.P. structure 

(d) a complex cubic structure 
(e) orthorhombic crystalline structure. 


t 
al When Obs ‘ 
Shy, 


(a) tin, lead and small percentage of antimon 
(b) tin and lead 


(c) tin, lead and Silve 
(d) tin and copper 


(e) tin, copper and lezy 


contains copper and zinc in the following ao 


(a) 50: 50 (6) 30: 70 
(c) 70: 30 (d) 40: 60 
(e) 60: 40. 


(a) chromium and nickel 

(b) nickel and molybdenum 
(c) aluminium and zinc (d) tungsten and sulphy 
(e) none of the above. 


(a) steel 
(e) SiO, 


(e) german silver. 


(b) Al,O, 
(d) MgO 


magnets contains iron, nickel, aluminium and coba} 
in the following ratio 
(a) 50 : 20:20:10 
(c) 50:20:10: 20 
(e) 50:10: 20: 20. 


(b) 40 : 30: 20: 10 
(d) 30 : 20: 30: 20 


means refractory is 
(a) acidic 

(c) neutral 

(e) none of the above. 


(b) basic 
(d) brittle 





| 
151. Bell metal contains | 


(a) 70% copper and 30% zinc 

(b) 90% copper and 10% tin jas! 

(c) 85-92% copper and rest tin with little lea 
nickel 

(d) 70-75% copper and rest tin . 

(e) 70-75% copper and rest zinc and tin. 


152. Which of the following is used for bearing linet 
(a) gun metal (b) bronze 
(c) bell metal (d) babbit metal 
(e) brass. of 


g ordet 


machinability is ht 
(a) grey cast iron, low carbon steel, wrous 
(b) low carbon steel, grey cast iron, wroug p irot 
(c) wrought iron, low carbon steel, grey cas 
(d) wrought iron, grey cast iron, low car 
(e) grey cast iron, wrought iron, low carpe 


elements 
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(a) nickel, chromium and manganese 

(b) tungsten, molybdenum and Phosphorous 
(c) lead, tin, aluminium 

(d) zinc, sulphur, and chromium 

(e) none of the above. 


Aluminium bronze contains aluminium and copper 
in the ratio of 
(a) 50: 50 (b) 40 : 60 


Bronze contains 
(a) 70% copper and 30% zinc 
(b) 90% copper and 10% tin 


(c) 85-92% copper and rest tin with little lead and 
nickel 

(d) 70-75% copper and rest tin 

(e) 90% copper and 10% zinc. 


Muntz metal contains copper and zinc in the ratio of 
(a) 50 : 50 (b) 40 : 60 

(c) 60 : 40 (d) 20: 80 

(e) 80: 20. 

Gun metal contains 


(a) 70% copper and 30% zinc 

(b) 90% copper and 10% tin 

(c) 85-92% copper and rest tin with little lead and 
nickel 

(d) 70-78% copper and rest tin 

(e) 85-92% copper and rest zinc. 

Perminvar alloy having constant permeability is an 

alloy of 

(a) nickel, copper and iron 

(b) nickel, copper and zinc 

(c) copper, nickel and antimony 

(d) iron, zinc and bismuth 

(e) antimony, copper and zinc. 

The alloy used for making electrical resistances and 

heating elements is 

(a) nichrome 

(c) magnin 

(e) perminvar. 

Monel metal contains 

(a) 63% to 67% nickel and 30% copper 

(b) 88% copper and 10% tin and rest zinc 

(c) alloy of tin, lead and cadmium 

(d) malleable iron and zinc 

(e) none of the above. 

Permalloy is a 

(a) kind of stainless steel (b) none ferrous alloy . 

(c) polymer (d) cutting tool material 

(e) nickel and iron alloy having high permeability. 

Phosphor bronze contains 

(a) 0.5% of phosphorous (b) 1% phosphorous 

(c) 2.5% phosphorous (d) 5% phosphorous 

(e) none of the above. 


(b) invar 
(d) elinvar 


164, 


165. 


166. 


167. 


168. 


169. 


170. 


171. 
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(a)are used where ease in machining is the 
criterion 


(b) contain carbon in free form 

(c) require least cutting force 

(d) do not exist 

(e) can be cut freely even under adverse conditions. 
Delta metal is an alloy of 

(a) copper, zinc and iron 

(b) iron, nickel and copper 

(c) iron, lead and tin 

(d) iron, aluminium and magnesium 

(e) copper, zinc and antimony. 

Admiralty gun metal contains 

(a) 63 to 67% nickel and 30% copper 

(b) 88% copper, 10% tin and rest zinc 

(c) alloy of tin, lead and cadmium 

(d) iron scrap and zinc (e) none of the above. 


Free cutting steels 


Which of the following alloys does not contain tin 
(a) white metal (b) solder admiralty 

(c) fusible metal (d) phosphor bronze 

(e) gun metal. 

Which is false statement about properties of 
aluminium ? 

(a) modulus of elasticity is fairly low 

(b) wear resistance is very good 

(c) fatigue strength is not high 


(d) creep strength limits its use to fairly low 
temperatures 


(e) corrosion resistance is good. 

Addition of copper to aluminium results in 

(a) improvement of casting characteristics 

(b) improvement of corrosion resistance 

(c) one of the best known age and precipitation- 
hardening systems 

(d) improving machinability 

(e) none of the above. 

Addition of manganese to aluminium results in 

(a) improvement of casting characteristics 

(b) improvement of corrosion resistance 

(c) one of the best known age and precipitation- 
hardening systems 

(d) improving machinability 

(e) none of the above. 

Elinvar, an alloy used in precision instruments, hair 

springs for watches, etc. contains the following 

element as principal alloying element 


(a) iron (b) copper 
(c) aluminium (d) zinc 
(e) nickel. 


Which of the following alloys does not have copper 
as one of the constituents ? 

(a) delta metal (b) monel metal 

(c) constantan (d) nichrome 

(e) silicon bronze. 
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175. 


176. 


177. 


178. 


179. 
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181. 


Addition of 


lead and bismuth to aluminium results 


in 

(a) improveme 

(b) improveme 

(c) one of the best known a 
hardening systems 

(d) improving machinability 

(e) none of the above. | 

Addition of silicon to aluminium results in 

(a) improvement of casting characteristics 

(b) improvement of corrosion resistance a 

(c) One of the best known age and precipitation- 
hardening systems 

(d) improving machinability 

(e) none of the above. 

Constantant an alloy used in thermocouples is an 

alloy of 

(a) copper and tin 

(c) copper and iron 

(e) copper and chromium. 


nt of casting characteristics 


nt of corrosion resistance | — 
ge and precipitation- 


(b) copper and zinc 
(d) copper and nickel 


White metal contains 

(a) 63 to 67% nickel and 30% copper 

(b) 88% copper and 10% tin and rest zinc 

(c) alloy of tin, lead and cadmium 

(d) silver and chromium 

(e) malleable cast iron and silver. 

Y-alloy contains 

(a) 94% aluminium, 4% copper and 0.5% Mn, Mg, Si 
and Fe 

(6) 92.5% aluminium and 40% copper, 2% nickel 
and 1.5% Mg 

(c) 10% aluminium and 90% copper 


(d) 90% magnesium and 9% aluminium with some 
copper 


(e) 92.5% aluminium, and 7.5% zinc. 
German silver contains 
(a) 1% silver 

(c) 5% silver 

(e) 100% silver. 

Which of the following has highest specific strength 
of all structural materials ? 

(a) magnesium alloys 
(c) chromium alloys 
(e) none of the above. 
Dow metal contains 


(a) 94% aluminium, 4% copper and 0.5% Mn Mg, Si 
and Fe ee 


(6) 92.5% aluminium and, 4% copper, 2% nickel and 
1.5% Mg 


(c) 10% aluminium and 90% co 
(d) 90% aes 


(b) 2.5% silver 
(d) 10% silver 


(b) titanium alloys 
(d) magnetic steel alloys 


magnesium and 9% aluminium with some 


copper 


(e) 90% magnesium and 10% tin. 
Foundry crucible is made of 
(a) mild steel 
(c) lead 


(e) graphite. 


(b) german silver 
(d) cast iron 





182. Age-hardening is related with 


183. 


184. 


185. 


186. 


187. 


188. 


189. 
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(a) stainless steel 

(c) german silver 

(e) cast iron. 

Aluminium bronze contains 

(a) 94% aluminium, 4% copper and 0.5 ar 
and Fe D, Me 

(b) 92.5% aluminium, 4% copper, 2% 
1.5% Mg 

(c) 10% aluminium and 90% copper 

(d) 90% magnesium and 9% aluminium With 
copper A Siy, 

(e) 10% aluminium and 90% tin. 

Babbit metal is a 

(a) lead base alloy 

(c) copper base alloy 

(e) (a) and (c) above. 

The correct composition of Babbit metal is 

(a) 87.75% Sn, 4% Cu, 8% Sb, 0.25% Bi 

(b) 90% Sn, 2% Cu, 4% Sb, 2% Bi, 2% Mg 

(c) 87% Sn, 4% Cu, 8% Sb, 1% Al 

(d) 82% Sn, 4% Cu, 8% Sb, 3% Al, 3% Mg 

(e) none of the above. 

Duralumin contains 


(b) gun metay 
(d) duralumin 


nicke y 


(b) tin base alloy 
(d) all of the aboye 


(a) 94% aluminium, 4% copper and 0.5% Mn, Mg S 


and Fe 
(b) 92.5% aluminium, 40% copper, 2% nickel, an 
1.5% Mg 
(c) 10% aluminium and 90% copper 
(d) 90% magnesium and 9% aluminium with soni 
copper 
(e) 94% aluminium and 6% tin. 
Neutral solution is one which has pH value 
(a) greater than 7 (b) less than 7 
(c) equal to 7 
(d) pH value has nothing to do with neutral solutio 
(e) none of the above. 
Acidic solution is one which has pH value 
(a) greater than 7 (b) less than 7 
(c) equal to 7 ptio 
(d) pH value has nothing to do with neutral 
(e) none of the above. 
Which is correct curve shown in Figur’ 
relationship between conductivity and alloy 
and nickel at various percentages ? 


to sho" 
of op 


Conductivity ——— 





> 


0 o Nicke 
100 =<. % Copper 0 
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(a)A 

(c) C 

(e) none of the above. 

Basic solution is one which has PH value 

(a) greater than 7 (b) equal to 7 

(c) less than 7 

(d) pH value has nothing to do with ba 

(e) none of the above. 

Following elements have face-centred cy 

(a) gamma iron (910° to 1400°C), 
Pb, Pt 

(6) Mg, Zn, Ti, Zr, Br, Cd 

(c) œ iron (below 910°C and b 
C), W 

(d) all of the above 


(b) B 
(d) D 


sic solution 


bic structure 
Cu, Ag, Au, AI, Ni, 


etween 1400 to 1539° 


(e) none of the above. 
Recrystallisation temperature can be lowered by 
(a) purification of metal (b) grain refinement 
(c) working at lower temperature 

(d) all of the above (e) none of the above. 
Pearlite is a combination of 

(a) ferrite and cementite 

(b) cementite and gamma iron 

(c) ferrite and austenite 

(d) ferrite and iron graphite 

(e) pearlite and ferrite. ` 

Austenite is a combination of 

(a) ferrite and cementite 

(b) cementite and gamma iron 

(c) ferrite and austenite 

(d) ferrite and iron graphite 

(e) pearlite and ferrite. 


The transistor is made of 
(a) silver (b) gold 
(c) copper (d) germanium 


(e) german silver. 

Lead is poured into the joint between two pipes. 
These pipes may.be made of 

(a) cast iron (b) vitrified clay 

(c) asbestos cement (d) concrete 

(e) mild steel. 


Which of the following element is added to steel to 
impart high strength and toughness ? 

(a) magnesium 
(c) phosphorous 
(e) tungsten. 


(6) manganese 
(d) sulphur 


Free carbon in iron makes it 
(a) soft and imparts coarse grained 


crystalline 
Structure 
(6)hard and imparts fine grained crystalline 
Structure | 
(c)hard and imparts coarse grained crystalline 
Structure 
(d) soft and imparts fine grained crystalline 


Structure 
(e) malleable. 


200. 


201. 


202. 


203. 


204, 


205. 


206. 





199. Combined corrosion in iron makes it 


(a) soft and imparts coarse grained 


crystalline 
structure 
(6) hard and imparts fine grained crystalline 
structure 


(c)hard and imparts coarse grained 
Structure 


(d) soft and 
structure 
(e) malleable. 


crystalline 


imparts fine grained crystalline 


Which of the following has better capability to bear 
sudden and excessive Shocks ? 

(a) cast iron 

(c) white iron 

(e) stainless steel. 


(b) pig iron 
(d) wrought iron 


Among the following materials, the most suitable 
material for withstanding shock and vibration 
without danger of cracking is 

(a) chilled cast iron 
(c) malleable iron 

(e) graphite. 
Hardenability of stell 


(a) is the depth of penetration obtained ‘by Vickers 
test 


(b) is the ability of steel to resist abrasion, wear and 
penetration 

(ce) is the property which determines the depth of 
the hardened zone induced by quenching 

(d) is achieved throughout its full depth, when the 

actual cooling rate equals the critical cooling 

rate l 

(e) is its ability to withstand shocks. 

Following elements have 

structure 


(a) gamma iron (910° to 1 
Pb, Pt 


(b) Mg, Zn, Ti, Zr, Be, Cd 

(c)a iron (below 910°C and between 1400 to 
1539°C), W, V, Mo, Cr, Na, K, Li etc. 

(d) all of the above (e) none of the above. 


Silicon steel used for electrical equipment contains 
following percentage of silicon 
(a) 0.2 to 0.5% 


(b) gray cast iron 
(d) white cast iron 


body-centered cubic 


400°C), Cu, Ag, Au, Al, Ni, 


(b) 2% (c) 3.4% 

(d) 6.5% (e) 8-90%. 

Following elements have hexagonal close-pack 
Structure 


(a) gamma iron (910°C to 1400°C), Cu, Ag, Au, Al, 
Ni, Pb, Pt 


(b) Mg, Zn, Ti, Zr, Be, Cd 

(c)a iron (below 910°C and between 1400 to 
1539°C), W, V, Mo, Cr, Na, K, Li ete. 

(d) all of the above (e) none of the above. 


The four major parts of blast furnace from top to 
bottom in order are 


(a) top, stack, hearth, bosh 
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(b) top, stack, bosh, hearth 
(c) top, bosh, stack, hearth 
(d) top, bosh, hearth, stack 
(e) none of the above. 
207. The purpose of iron ore in the charg 
a to act as an aggregate of iron-bearing mineral 
(b) to supply heat to reduce ore and melt the iron 
(c) to form a slag by combining with impurities 
(d) to control the grade of cast iron produced 
(e) none of the above. 
208. The product of cupola is called 
(a) pig (b) cast iron 
(c) mild steel (d) wrought iron 
(e) non-ferrous material. 
209. The purpose of scrap steel in the charge for blast 
furnace is 
(a) to act as an aggregate of iron-bearing mineral 
(b) to supply heat to reduce ore and melt the iron 
(c) to form a slag by combining with impurities 
(d) to control the grade of cast iron produced 
(e) none of the above. 
210. For the same capacity of production 
(a) basic converter is smaller than acid converter 
(b) acid converter is smaller than basic converter 
(c) both are of equal size 
(d) size would depend on other factors 
(e) none of the above. 
211. To form basic slag, the following is added 
(a) lime (b) coke 
(c) scrap (d) manganese 
(e) aluminium. 
212. Sub zero treatment of steel 


(a)is used to reduce the retained austenite in 
hardened steel 


(b) increases the ability of steel to work in sub-zero 
atmospheres 
(e) is used to suppress martensite transformation 


(d) is performed after hardening operation to induce 
temper brittleness 


(e) is never used. 


213. a purpose of coke in the charge for blast furnace 


e for blast furnace 


(a) to act as an a 


ggregate of iron-beari 
(b) to form a sla earıng mineral 


g by combining with impurities 
- to supply heat to reduce ore and melt the iron 
) to control the grade of cast iron produced 
(e) none of the above. 
214. The quantity of lime re 


production of 1 tonne of a in a cupola for 


prodi 5 Pie: nt the order of 
(c) 100 kg (d) 300 k 

r (e) 1000 kg. i 

15. Lime stone is added ; 
ed in b 

= Mao, in oe a to flux 
(c) carbon (d) N : 
(e) KMnO.. i 


216. 


217. 


218. 


219. 


220. 


221. 


222. 
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The purpose of lime in the charge for blag; im, | | 
i Ca | 


is eet 
(a) to act as an aggregate of iron-bearing pj, 


(b) to form a slag by combining with impurit 
(c) to control the grade of iron produced 

(d) to supply heat to reduce ore and melt the to 
(e) none of the above. 


era] 
eg 


Coal used in cupola is 
(a) coke (b) coal dust 
(c) charcoal (d) pulverised coal 


(e) any one of the above. 


The significance of the yellow flame during the 


operation of the bessemer converter is 

(a)that air 1s burning out the silicon and 
manganese resulting in high increase i 
temperature and searp steel needs to be added 
to control temperature 

(b) that silicon has burned out and carbon has 
started burning 


(c) that the converter must be tilted and air turned | 


off, otherwise iron would oxidise 


(d) yellow flame does not occur in operation of | 


bessemer converter 
(e) none of the above. 


The quantity of coke required in a cupola for 
production of 1 tonne of casting is of the order of 
(a) 30 kg (b) 300 kg 

(c) 700 kg (d) 1000 kg 

(e) 1300 kg. 

For better fluidity, the following is added in blast 
furnace 

(a) phosphorus 

(c) carbon 

(e) none of the above. 
Case hardening of steel 


(a) is the saturation of the surface of steel with 
carbon by heating it at a high temperature | 

(b) is the saturation of the surface of steel with any | 
element by its diffusion from the surroune” | 
medium ata high temperature | 

(c) is the hardening of the casing or surface i 
by proper heat treatment 

(d) involves diffusion of carbon and nitrogen a m 
surface of steel above the critical temperature 
heating 

(e) improves surface finish. 

The hardest known material is 


(a) ceramic (b) high speed steel 


(c) diamond (d) cemented carbide 
(e) alloy steel. 


| 
| 
Da DE.. 
The Significance of the while flame during ' 
| 
g| 


(b) sulphur 
(d) manganese 


operation of the bessemer converter is gp 
(a) that air is burning out the silico” 
manganese resulting in high incre 


dded” | 


temperature and scarp steel needs to nen 
control temperature 
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(b) that silicon has burned out and carbon has 
started burning 
(c) that the converter must be tilted and air turned 
off, otherwise iron would oxidise 
(d) white flame does not occur during the operation 
of the bessemer converter 
(e) none of the above. 
Blast furnace uses the following as fuel 
(a) coal (b) coke 
(c) diesel (d) liquid oxygen 
(e) producer gas. 
The property of corrosion resistance of chromium 
stainless steels is due to 
(a) predominating nature of chromium present in 
stainsteel 
(b) the formation of a thin film of oxygen and 
moisture absorbed from the atmosphere 
(c) the formation of a thin oxide film of Cr,O, on the 
surface of steel 
(d) super-fire finish of stainless steel which gives no 
opportunity for any atmospheric constituent to 
penetrate into the surface 
(e) the inderent property of chromium to resist 
corrosion. 
Presence of sulphur makes steel brittle. Its effect can 
be reduced by adding 
(a) copper 
(c) silicon 
(e) manganese. 
The significance of dieing down of white flame during 
the operation of the bessemer converter is 
(a)that air is burning out the silicon and 
manganese resulting in high increase in 
temperature and scarp steel needs to be added to 
control temperature 
(b) that silicon has burned out and carbon has 
started burning 
(c) that the converter must be tilted and air turned 
off, otherwise iron would oxidise 
(d) such a phenomenon does not occur 
(e) none of the above. 
Diamond has 
(a) low heat conductivity 
(b) high electrical conductivity 
(c) lowest thermal expansion 
(d) high coefficient of friction against all metals 
(e) all of the above. 
Nickel is 
(a) ferroelectric 
(c) paramagnetic 
(e) semi-conductor. 
Diamagnetic materials 
(a) are non-magnetic (b) can’t be magnetised 
(c) can be magnetised in one direction only 
(d) are magnetised in direction opposite to that of 
applied field 
(e) can be magnetised by eddy currents. 


(b) magnesium 
(d) vanadium 


(b) ferromagnetic 
(d) dielectric 





387 


231. The relationship between hardness and % carbon for 


steel can be expressed by the curve (shown in given 
below Figure) 








4 
5 
wo 
+ 
% Carbon 
(a) A (b) B 
(c) C (d) D 


(e) none of the above. 


232. The relationship between tensile strength and % 


233. 


234. 


235. 


carbon for steel can be expressed by the curve (shown 
in given below Figure) 





B 

£ 

D 

D E 

P 

| ye 

% Carbon 

(a) A (b) B 
(ce) C (d) D 


(e) none of the above. 

Which of the following is the hardest material ? 

(a) hardened steel (b) tungsten carbide 

(c) alloy steel (d) silicon carbide 

(e) boron carbide. 

Which of the following steel has almost zero 

temperature coefficient ? 

(a) invar steel 

(b) platinum steel 

(c) stainless steel 

(d) nickel-chromium steel 

(e) cobalt steel. 

The significance of red flame during the operation of 

the bessemer converter is 

(a)that air is burning out the silicon and 
manganese resulting in high increase in 
temperature and scarp steel needs to be added to 
control temperature 

(b) that silicon has burned out and carbon has 
started burning 

(c) that the converter must be tilted and air turned 
off, otherwise iron would oxidise 
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(d) red flame does not occur during the operation of 
the bessemer converter 
(e) none of the above. 


236. Soaking pit is pa 
(a) a controlled temperature pit 1n which parts are 


heated 
(b) an arrangement in which parts are burried 
underground and packed with coke which is 
burnt subsequently 
(c) an oil or gas heated furnace for bringing the 
temperature of the ingots to a uniform value 
throughout 
(d) there is nothing like soaking pit 
(e) none of the above. 
237. Lining of open hearth furnace 
(a) provides insulation to contain heat within the 
furnace 
(b) controls impurities in steel 
(c) acts as structure (d) enhances furnace life 
(e) none of the above. 
238. Ingots are 
(a) as obtained from solidification of molten metal 
into moulds 
(b) obtained by passing hot steel through the rolling 
mills and are of size 150 mm x 150 mm to 350 
mm x 350 mm. 
(c) obtained by further rolling and are of size 50 mm 
x 50 mm to 125 mm x 125 mm. 
(d) scraps from blast furnace 
(e) none of the above. 
239. Blast furnace gas 
(a) is used as fuel for other plants 
(b) is discharged into atmosphere 
(c) is recirculated back to blast furnace 
(d) all of the above (e) none of the above. 
240. Blooms are 
(a) as obtained from solidification of molten metal 
| in moulds 
_(b) obtained by passing hot ingots through the 
rolling mills and are of size 150 mm x 150 mm to 
350 mm x 350 mm. 
(c) obtained by further rolling and are of size 
50 mm x 50 mm to 125 mm x 125 mm. 
(d) scraps from rolling mills 
(e) none of the above. . 


241. Which of the following is not a structural steel 


shape ? 
(a) I (6) T 
(c) O (d) H 
(e) V. 
242. High silicon content means refractory is 
(a) basic (b) acidic 


(c) neutral 
(d) no such correlation exists 
(e) none of the above. 


The mechanical properties of steel castings can be 
improved by following heat treatment process 
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(d) phase annealing 


(a) full annealing 

(c) normalising 

(e) incomplete hardening. 
Steels containing low percentages of nickel, 
or chromium are classified as 

(a) plain carbon steels (b) alloy steels 
(c) tools steels (d) stainless steels 

(e) wrought steel. 

Which of the following has least Percentage y 
carbon ? 

(a) malleable iron 

(b) pig iron (c) stainless steel 

(d) wrought iron (e) graphite. 

Steels containing high percentages of elements othe 
than carbon are classified as 

(a) alloy steels (b) stainless steels 

(c) structural steels (d) high carbon steels 
(e) tool steels. 

The following element is alloyed with high carbon 
tool steels to increase the resistance to shock 

(b) tungsten 

(d) vanadium 


PUN gStey 
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(a) carbon 
(c) nickel 
(e) chromium. 
Which of the following is the most ductile material? 
(a) mild steel (b) copper 
(c) zinc (d) aluminium 
(e) nickel. | 
A test commonly applied to steel of unknown quality 
for identification purposes is the 
(a) acid-etch test (b) spark test 
(c) fracture test (d) dye-penetrant test 
(e) impact test. i 
Which of the following has maximum malleability : 
(a) lead (b) brass — 
(c) wrought iron (d) copper 
(e) aluminium. f 
High Speed Steel (H.S.S.) belongs to the category’ 
(a) low-carbon steel (b) medium-carbon stee 
(c) high-carbon steel (d) alloy steel 
(e) stainless steel. 
Stainless steel contains 
(a) chromium, iron and nickel 
(b) chromium and nickel (c) iron and carbon 
(d) chromium, nickel, iron and carbon 
(e) tungsten, vanadium and chromium. 
Which of the following materials woul 
fracture if hit with a hammer ? 
(a) german silver (b) lead 
(c) brass (d) bronze 
(e) cast iron. 
Billets are 
(a) obtained from solidification of molte 
moulds ough 
(b) obtained by passing hot ingots wee 0 o” 
rolling mills and are of size 150 mm * 
350 mm x 350 mm 
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(c) obtained by further rolling and are of size 
50 mm x 50 mm to 125 mm x 125 mm 

(d) scraps from unused blooms 

(e) none of the above. 
Oxygen lance in open hearth furnace is used to 
(a) measure O, content (b) remove O, 

(c) introduce O, in furnace 
(d) maintain O, at a constant value 

(e) none of the above. 
As the impurities are oxidised, the melting point of 
iron 

(a) increases 

(c) remains same 
(d) depends on the type of furnace used 

(e) unpredictable. 

Following etching solution is used for low-carbon 
steel and welds 

(a) nital - 2% HNO, in ethyl alcohol 

(b) picral - 5% picric acid and ethyl alcohol 

(c) 1% hydrofluoric acid in water 

(d) 50% NH,OH and 50% water 

(e) none of the above. 

In making high silicon content steel, scrap can be 
used 

(a) to form slag 

(c) to control grade 
(d) as coolant 


(b) decreases 


(b) as catalyst 


(e) can’t be used. 


In making high silicon content steel, scrap can be 
used 


(a) to form slag 
(c) to control grade 
(e) can’t be used. 


(b) as catalyst 
(d) as coolant 


Following etching solution is used for aluminium 
(a) nital-2% HNO, in ethyl alcohol 

(b) picral - 5% picric acid and ethyl alcohol 

(c) 1% hydrofluoric acid in water 

(d) 50% NH,OH and 50% water 

(e) none of the above. 


Tar dolomite bricks can withstand temperature upto 
(a) 750°C (b) 1500°C 
(c) 2000°C and more (d) 5000°C 


(e) none of the above. 

The relationship between tensile strength and hard- 
ness for steel can be expressed by the curve, shown in 
Figure given below 


Tensile strength 
w 


f C 


Hardness ——— ~ 
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(a) A 
(ce) C 


(e) none of the above. 


The relationship between wear and hardness for steel 


can be expressed by the curve, shown in Figure given 
below. 


(b) B 
(d) D 


Wear 





Hardness 





(a) A 

OC 

(e) none of the above. 
Following etching solution is used for copper 

(a) nital-2% HNO, in ethyl alcohol 

(b) picral-5% picric acid and ethyl alcohol 

(c) 1% hydrofluoric acid in water 

(d) 50% NH,OH and 50% water 

(e) none of the above. 

The load and standard steel ball used for Brinell 
hardness number are 
(a) 300 kg, 1 mm 

(c) 300 kg, 10 mm 

(e) 3000 kg, 5 mm. 
Rockwell ‘œ scale uses minor increment load of 10 
kg and the major increment load and diamond 
indenter respectively are 
(a) 100 kg and 118° 

(c) 150 kg and 120° 

(e) none of the above. E 
On Rockwell ‘C’ scale, one Rockwell number is 
represented by penetration depth of 

(a) 0.0080 inch (b) 0.00080 inch- 

(c) 0.000080 inch (d) 0.0000080 inch 

(e) none of the above. 

Rockwell reading is a measure of the penetration 
caused by the 

(a) major load only (b) minor load only 

(c) both major and minor loads 

(d) standard load (e) none of the above. 
Two Rockwell readings are 50 RC and 65 RC. What 
is the increment of penetration between the two 
readings 

(a) 0.0012 inch more in first case 

(b) 0.0012 inch more in second case 

(c) 0.0006 inch less in first case 
(d) 0.0006 inch less in second case 


(e) none of the above. 
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(b) B 
(d) D 


(b) 300 kg, 5 mm 
(d) 3000 kg, 10 mm 


(b) 140 kg and 118° 
(d) 140 kg and 120° 
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Brinell tester uses a hardness steel ball of size 
(a) 1 mm (b) 5 mm 

(c) 10 mm (d) 15 mm 

(e) 25 mm. 

Moh’s scale is used in connection with 

(a) composition of metal 

(b) hardness of materials 

(c) wear criterion of metals 

(d) tensile strength of metals 

(e) none of the above. 


Moh’s scale has a range of 
(a) 1to5 (b) 1 to 10 
(c) 1 to 12 (d) 1 to 15 


(e) hardness number. 


The hardness number 10 on Mob’s scale for hardness 
is assigned to 

(a) quartz (b) tale 

(c) topaz (d) corundum 


(e) diamond. 


The hardness number 1 on Mob’s scale is assigned 
to 

(a) quartz (b) tale 

(c) topaz (d) corundum 


(e) diamond. 


Brinell hardness number is expressed by the 
equation 
(a) BHN = o 2b 

nD (D - 4D? - d°) 

L 

(b) BHN = —————— 

nD (D - | D* - d?) 
(c) BHN = ee 

nd (D - 4D’ - d°) 
(d) BHN = h 


nd (D - 4D? - d°) 
(e) none of the above 
where, L= load in kg, D = dia. of ball in mm, 
d = dia. of indentation in mm. 
Charpy test is conducted to measure 
(a) hardness (b) fracture stress 
(c) fatigue resistance (d) brittleness 
(e) malleability. 
The hardness of lathe bed material should be 
measured by 
(a) Rockwell tester 
(b) Brinell hardness tester 
(c) Shore Scleroscope 
(d) Vickers hardness tester 
(e) Scratch hardness tester. 


Ss 


Iron alloyed with carbon upto 2% is called 
(a) cast iron (b) steel 
(c) mild steel (d) high carbon steel 


(e) iron alloy. 


Iron alloyed with carbon in percenta 
2% is called j ge greater than 
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MECHANICAL ENGI i 
(a) cast iron (b) steel Shy, f 
(c) mild steel (d) high carbon 
(e) carbon alloy. Steg] 


Pearlitic or eutectoid steels have carbon 


(a) equal to 0.83% Conteng 
(b) less than 0.83% 

(c) more than 0.83% and upto 2% 

(d) more than 2% (e) more than 6 3¢ 
The binding material for cementite carbide i 
(a) iron (b) chromium “Mi 
(c) nickel (d) cobalt 

(e) solder. 

Hypoeutectoid steels have carbon content 

(a) equal to 0.83% (b) less than 0.839, 
(c) more than 0.83% and upto 2% 

(d) more than 2% (e) more than 6.3% 


Phosphorous and sulphur in manufacturing stee] m 
be removed only by 

(a) acid bessemer converter 

(b) induction furnace 

(c) basic bessemer converter 

(d) neutral bessemer converter 

(e) none of the above. 

Hypereutectoid steels have carbon content 


(a) equal to 0.83% (b) less than 0.83% 
(c) more than 0.83% and upto 2% 
(d) more than 2% (e) more than 6.3%. 


Cementite phase has carbon content 

(a) less than 0.83% 

(b) more than 0.83% and less than 2% 

(c) more than 2% 

(d) more than 6.67% 

(e) none of the above. 

Reinforcing bars used in RCC slabs are made of 

(a) cast iron (b) wrought iron 

(c) alloy steel (d) medium carbon $ 

(e) tool steel or high carbon steel. 

Eutectoid steels have structure of 

(a) pearlite alone 

(b) phases of ferrite and pearlite 

(c) phases of cementite and pearlite 

(d) phases of ferrite and cementite 

(e) none of the above. pow 

Typical examples of products produced by 

metallurgy are 

(a) refractory metals like tungste? 
etc. 

(b) super hard materials like cemented car 

(c) bearings and porous metallic parts 

(d) all of the above 

(e) none of the above. 

Metal powder for powder metallurgy pre 

by ised 

(a) reduction of oxide (b) atomisat!? indi? i 

(c) electrolytic deposition (d) milling or 

(e) any one of the above. i 


teel 


des 


gol 


cess is a 
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291. 


NÉ 


rensile strength of structural steel with rise m 


i g90. T perature will vary as (shown in given below 


igure) 


Y 


Temp. ———> 
(b) curve B 
(d) curve D 


Tensile strength ———— 


(a) curve A 

(e) curve C 

(e) none of the above. 
The percentage elongation of structural steel with 
rise in temperature will vary as (shown in given 
below Figure) 


50% 







% elongation 


—_——_ 


Temp. ———>- 
(b) curve B 
(d) curve D 


(a) curve A 
(c) curve C 
(e) none of the above. 
Hypoeutectoid steels have structure of 
(2) pearlite alone 
(6) phases of ferrite and pearlite 
c) phases of cementite and pearlite 
d) Phases of ferrite and cementite 
e) none of the above. 
hen steel with 0.8% carbon is cooled oa 
pp Perature of950°C the pearlite would occur at #1 


a ring fixed temperature 
“g (b) 850°C 
© ToC (d) 723°C 
(e) 650°C, 
pjp Per and aluminium have tendency to absorb 
(a) co gas at high temperature 
(c) NH (b ) N, 
(e) 3 (d) H, 
all of the above 
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296. 


297. 


298. 


299. 
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301. 
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H i 
l yperecutetoid steels have structure of 

a) pearlite alone 
re phases of ferrite and pearlite 

c) phases of cementite and pearlite 
(d) phases of ferrite and cementite 

(e) none of the above. 
The temperature and carbon content at which 


eutectic reaction occurs in Fe-C equilibrium diagram 
are 


(a) 723°C and 0.02%C 
(c) 910°C and 4.30%C 
(e) 1130°C and 4.30%C. 


The temperature at which new grains are formed in 
a metal is called 

(a) recrystallisation temperature 

(b) lower critical temperature 

(c) upper critical temperature 

(d) eutectitc temperature 

(e) allotropic temperature. 

The temperature and carbon content at which 
eutectoid reaction occurs in Fe-C equilibrium 
diagram are 

(a) 723°C and 0.02%C 
(c) 1130°C and 2.00%C 
(e) 710°C and 0.69%C. 


(b) 723°C and 0.80%C 
(d) 1130°C and 2.00%C 


(b) 723°C and 0.80%C 
(d) 1130°C and 4.30%C 


Gibb’s phase rule is given by the expression F is equal 
to 

(a) C +P (b)C-P 

(c) C-P-2 (d)C+P-2 

(e) C-P +2. 

where, F = no. of degrees of freedom 


C = no. of components and 

P = no. of phases. 
Steel is made from cast iron by removing all excess 
(a) ferrous carbide 
(b) carbon (c) tungsten 
(d) sulphur (e) oxygen. 
The most important element which controls the 
physical properties of steel is 
(a) silicon (b) manganese 
(c) tungsten (d) carbon 
(e) chromium. | 
Large amounts of silicon when added to steel will 
increase the following properties of the steel 
(a) mechanical (b) refractory 
(c) corrosive (d) magnetic 


(e) machining. | 
or material has following number 0 


A semi-conduct | 

electrons in outermost orbit 

(a) 2 (b) 4 

(c) 5 (d) 6 

ie toid steel is 
the hypoeutectol 


full annealing process; 
ented bow’ A, line and cooled very slowly in 


e 
furnace as to refine old structur 
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306. 


307. 


308. 


309. 


310. 


311. 


312. 


(b) heated below A, line with a view to make steel 
ductile for cold working th 

(c) heated below A, line and cooled slowly with a 
view to remove internal stresses | | 

(d) heated above A; line and cooled in air resulting 
in slight hardening 

(e) none of the above. 

Machinability of a metal depends on 

(a) hardness (b) tensile strength 

(c) brittleness (d) toughness 


(e) (a) and (b) above. 
Pick up wrong property of austenite 
(a) softness (b) malleability 
(c) magnetism (d) ductility 
(e) none of the above. 
In process annealing process, the hypoeutectoid steel 
is 
(a) heated above A, line and cooled very slowly in 
furnace so as to refine old structure 
(b) heated below A, line with a view to make steel 
ductile for cold working 
(c) heated below A, line and cooled slowly with a 
view to remove internal stresses 
(d) heated above A, line and cooled in air resulting 
in slight hardening 
(e) none of the above. 
The imperfection in the crystal structure of metal is 
called 
(a) dislocation 
(c) fracture 
(e) cleavage. 
Thermosetting plastics 
(a) soften on the application of heat and can be 
repeatedly moulded 
(b) will not deform when again subjected to heat 
(c) are produced on a synthetic resin base 
(d) are synthetic base resins having a predefined 
setting temperature 
(e) none of the above. 
Other than elasticity and rubber like material, the 
important property of polyvinyl chloride (PVC) is 
(a) odourless (6) colourability 
(c) non-flammable (d) impervious to water 
(e) appearance. 
Filler is used in plastics to 
(a) completely fill up the voids created during 
manufacturing 
aae aap strength and toughness 
c) provide colo i , 
and reduce a — e iiti 
(d)to accelerate 
polymerisation 
(e) all of the above. 


Which of the following mouldin 
methods i 
not used for thermoplastic måleriala? aa IER 


(a) extrusion (b) injection 


(b) slip 
(d) impurity 


the condensation and 
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314. 
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318. 


319. 
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MECHANICAL ENGIN, 

(c) casting (d) calendering 

(e) all of the above. 

Hypo-eutectoid steels for hardening py 

heated by 30-50°C 

(a) above lower critical temperature 

(b) below lower critical temperature 

(c) below upper critical temperature 

(d) above upper critical temperature 

(e) in between lower and upper critica] tem 
tures. Pera, 

The moulding process employed for thermop| | 

material is ast 

(a) injection and extrusion methods 

(b) compression and transfer moulding methog, 

(c) similar to thermosetting plastics except thy 
higher temperature is used 

(d) similar to thermosetting plastics except that a 
lower temperature is used 

(e) die casting. 

Pigments are fine, solid particles used in preparation 

of 

(a) varnishes 

(c) chemicals 

(e) all of the above. 

One of the main disadvantage of thermosetting and 

thermo-plastic plastics is that 

(a) they deform under heat and pressure 

(b) they are resistant to water upto 100°C only 

(c) they do not possess a high mechanical strength 

(d) their shape cannot be changed without 
application of heat 

(e) all of the above. 

Polyesters belong to the group of | 

(a) thermoplastic plastics (b) thermosetting plastics 

(c) phenolics (d) PVC 

(e) all of the above. 

The dominant property of cellulosics, 4 

thermoplastic plastics is 

(a) ease of working and toughness 

(b) corrosion resistance and mechanical strength 

(c) high heat and wear resistance and fine 5 


TPOSeg ar 


(b) plastics 
(d) paints 


form of 


structure ‘sl 
(d) good colour, finish, texture and light trans™ 
bility | 
(e) all of the above. 
Crystal structure of metals is studied by 
(a) metallograph techniques d 
(6) X-ray techniques (c) ultrasonic meth? 
(d) electron microscopy 
(e) high powered microscope. es! 
eat 


The grain growth in austenite during heat t! 
of steel can be inhibited by adding 

(a) copper (b) aluminium 
(c) nickel (d) manganese 
(e) magnesium. 

Heat treatment operation involving heat 
above upper critical temperature and the 
in the furnace is known as 


i 
ing of SP | 
n cooline | 
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323. 


324. 


325. 


326. 


327. 


329, 


328. 


330. 


331, 


(a) annealing 

(c) austempering 
(e) stress-relieving. 
Heat treatment operation involving heating of steel 
above upper critical temperature and then cooling it 
in air is known as 
(a) annealing 

(c) austempering 
(e) stress-relieving. 
Tempering temperature of most of the materials is 
of the order of 
(a) 100-150°C 
(c) 8350—400°C 
(e) 500-650°C. 


(6) tempering 
(d) normalising 


(6) tempering 
(d) normalising 


(b) 200-300°C 
(d) 400-500°C 


Normalising operation is carried out in 
(a) furnace (b) air 
(c) water (d) oil 


(e) controlled atmosphere. 
The effect of alloying zinc to copper is 
(a) to raise hardness 
(b) to impart free-machining properties 
(c) to improve hardness and strength 
(d) to increase strength and ductility (if added upto 
10-30%) 
(e) to improve welding characteristics. 
Which of the following is better suited for lighter duty 
bearings ? 
(a) white metal 
(c) monel metal 
(e) plastics. 
Which of the following is better suited for heavier 
duty bearings ? 
(a) white metal 
(c) monel metal 
(e) plastics. 
The effect of alloying nickel to copper is 
(a) to raise hardness 
(b) to impart free-machining properties 
(c) to improve hardness and strength 
(d) to increase strength and ductility (if added upto 
10-30%) | 
(e) to improve welding characteristics. 
The effect of alloying lead to copper is 
(a) to raise hardness 
(b) to impart free-machining properties 
(c) to improve hardness and strength 
(d) to increase strength and ductility (if added upto 
10-30%) 
(e) to improve welding characteristics. 
The grain structure obtained by isothermal 
hardening operation is 
(a) martensite 
(c) bainite 
(e) acicular troostite. | 
In order to prevent excessive scaling of parts being 
hardened in heating furnace, following should be 
properly controlled 


(6) phosphor bronze 
(d) neimonic alloys 


(b) phosphor bronze 
(d) neimonic alloys 


(b) sorbite 
(d) troostite 
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333. 


334. 


335. 


336. 
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338. 


339. 


340. 


(a) atmosphere 
(c) fuel 

(e) draft. 

In nitriding steel components, the following 
atmosphere is generally used in the furnace 

(a) inert 

(c) liquid nitrogen 
(e) ammonia. 


(b) temperature 
(d) air-fuel ratio 


(b) nascent nitrogen 
(d) carbon 


After annealing a non-ferrous metal, surface oxides 
formed on the metal are 


(a) removed with coarse emery cloth 

(b) left on the metal to protect the surface 
(c) pickled in acid and then removed 

(d) hammered into the surface 

(e) polished to give a good colour. 

Pick up the wrong statement. Annealing results in 
(a) refining grain structure 

(b) relieving internal stresses 

(c) improving wear resistance 

(d) improving machinability 

(e) all of the above are true. 

The effect of alloying silicon to copper is 
(a) to raise hardness 

(b) to impart free-machining properties 

(c) to improve hardness and strength 


(d) to increase strength and ductility (if added upto 
10-30%) 


(e) to improve welding characteristics. 


In ductile cast iron, the free carbon is distributed 
throughout the mass in the form of 


(a) needles (b) flakes 
(c) nodules (d) crystals 
(e) molecules. 


The portion of the part not to be hardened in nitriding 
process is covered by a layer of 


(a) asbestos (b) tin 
(c) copper (d) aluminium 
(e) steel. 


The effect of alloying tin to copper is 
(a) to raise hardness 

(b) to impart free-machining properties 
(c) to improve hardness and strength 


(d) to increase strength and ductility (if added upto 
10-30%) 


(e) to improve welding characteristics. 


The hardening of machine tool guideways is usually 
done by 


(a) induction hardening 

(b) flame hardening (c) salt bath furnaces 

(d) vacuum hardening (e) spraying hard metal. 

In stress relieving process, the hypoeutectoid steel 

is 

(a) heated above A, line and cooled very slowly in 
furnace as to refine old structure 
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(b) heated below A, line with a view to make steel 
ductile for cold working 
(c) heated below A, line and cooled slowly with a 
view to remove internal stresses 
(d) heated above A, line and cooled in air resulting 
in slight hardening 
(e) none of the above. 

341. Austempering is the heat treatment process us 
obtain greater 
(a) hardness 
(c) softenss 
(e) ductility. 

342. To eliminate the brittleness which occurs due to 
welding of saw blades, the welded portion must be 
(a) toughened — (b) annealed 

(c) work hardened (d) forged 
(e) tempered. 
343, Pick up the wrong statement. Normalising resu 
in 
(a) improving mechanical properties 
(b) refining coarse grain structure obtained during 
hot working 
(c) improving ductility 
(d) improving yield strength 
(e) all of the above are true. 
344. Sheradising is the process in which the objects 
(a) are electroplated to obtain wear resistant 
surface 
(b) are treated before painting 
(c) are normalised after hardening 
(d) to be coated are packed in powdered zinc and 
heated 
(e) none of the above. 
345. Selection of a material for a particular use is based 
on following consideration 
(a) service requirements 
(b) fabrication characteristic 
(c) cost 
(d) all of the above 
(e) none of the above. 
346. Austenite can exist even at sub zero temperature by 
having high percentage of 
(a) chromium (b) manganese 
(c) magnesium (d) cobalt 
(e) aluminium. 
347. Beryllium is 
ces to ht chiefly as an alloy addition to 
o precipitation-hardenable alloy 
corrosion resistant alloy 
(c) high-strength alloy 
(d) non-magnetic and non- 
(e) all of the above. 
348. Which of the follow 
(a) austenite 
(c) troostite 
(e) sorbite. 


ed to 


(b) toughness 
(d) brittleness 


lts 


sparking alloy 


ing has maximum hardness ? 
(b) pearlite 
(d) martensite 
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349. Which of the 
normalising : 
(a) refine steel structure 
(b) remove strains caused by cold working of 
(c) remove internal stresses 
(d) improve tensile strength 
(e) improve machinability. 

350. The main purpose of heat treatment of iei 4 


change the Ba 
(a) chemical composition (b) mechanical pro 


(c) corrosion properties (d) surface finish 
(e) physical properties. 

351. Low carbon steel can be hardened by 
(a) hardening 
(b) heating an 


Mety 


Pertig 


d quenching in oil 
(c) heating and quenching in water 
(d) carburising and cyaniding 
(e) any of the above. 

352. The hardening strains are reduced and the toughness 
of the part increased by the following process afte, 
hardening 
(a) annealing 
(c) tempering 
(e) galvanizing. 

353. Hard alloy and tool steels are made easy machinable 


by following heat treatment 

(a) case carburising 

(b) tempering 

(d) normalising 
354, Case hardening is the onl 


(b) carburizing 
(d) anodizing 


(c) annealing 
(e) spherodising. 
y method suitable for 


hardening : 
(a) high alloy steel (b) high carbon steel 
(c) low-carbon steel (d) high speed steel 


(e) tungsten carbides. 


355. Which of the following element in steel directly 


affects the critical temperature of the steel to be heat 
treated ? 
(a) sulphur (6) phosphorus 
(c) carbon (d) chromium 
(e) manganese. 
356. High alloy steels have to be heated slowly and 
uniformly for hardening, to avoid 
(a) scaling (b) shrinkage 
(c) warpage (d) segregation 
(e) local hardening. , 
357. Overheating high alloy steels when pack har denis 
must be avoided to prevent 
(a) low hardness and shrinkage 
(b) extreme hardness and brittleness 
(c) distortion (d) scale formation 
(e) warpage. ed 
358. > small selected portion of the job can be harde 
y 
(a) flame and induction hardening 
(b) pack hardening (c) cyaniding 
(d) nitriding (e) case hardening 
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359. Which of the following is not the objective of 


annealing ? 

(a) remove internal stresses 

(b) refine grain size (c) refine structure 
(d) improve machinability 

(e) reduce softness. 


360. Which of the following is a case hardening process ? 


(a) spherodising 
(c) sheradising 
(e) parkerising. 


(b) tempering 
(d) cyaniding 


361. Which of the following is not the objective of nitrid- 


ing ? 

(a) increase surface hardness 

(b) increase fatigue limit 

(c) increase wear resistance 

(d) refine grain size (e) none of the above. 


362. In normalising process, the hypoeutectoid steel is 


(a) heated above A, line and cooled very slowly in 
furnace so as to refine old structure 

(b) heated below A, line with a view to make steel 
ductile for cold working 

(c) heated below A, line and cooled slowly with a 
view to remove internal stresses 

(d) heated above A, line and cooled in air resulting 
in slight hardening 

(e) none of the above. 


363. A big advantage of surface hardening by nitriding 


process is that 

(a) it is a mass production process 

(b) it is simple and cheap 

(c) parts need not be quenched 

(d) it does not require furnace 

(e) there is no distortion of hardened parts. 


364. Martensite is the supersaturated solution of carbon 


in 

(a) iron 

(c) alpha-iron 
(e) gamma-iron. 


(b) steel 
(d) beta-iron 


365. Martensite is the structure obtained by 


(a) quenching austenite 

(6) quenching austenite and then heating in the 
range of 200°C to 375°C 

(c) quenching austenite and then heating in the 
range of 375°C to 660°C 

(d) quenching austenite and then heating in the 
range of 600°C to 700°C 

(e) none of the above. 


366. The rollers of a cycle chain are subjected to following 
type of stress 
(a) compressive (b) tensile 
(c) bending (d) fatigue 
(e) creep. 
36 


f Magnet steel contains high percentage of 
(a) nickel 


(e) cobalt 
(e) tungsten. 


(b) aluminium 
(d) copper 
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Hardness of ferrite is of the order of 
(a) 10 BHN (b) 20 BHN 
(c) 35 BHN (d) 50 BHN 
(e) 75 BHN. 


The percentage of chromium in 18-4—1 HSS is 


(a) 18% (b) 4% 

(c) 1% (d) 0.1% 

(e) nil. 

Hardness of cementite is of the order of 
(a) 100 BHN (b) 600 BHN 


(c) 1100 BHN 
(e) 1950 BHN. 
Polymerisation is associated with 

(a) stainless steel (b) cast iron 

(c) aluminium (d) thermosplastic 

(e) thermosetting plastic. 

The most notable precipitation hardenable alloys are 
those in which the base metal is 

(a) copper (b) nickel 

(c) manganese (d) aluminium 

(e) magnesium. 

In order for an alloy system to be capable of 
precipitation hardening it is essential that the 
equilibrium diagram shows a decreasing solubility 
of one component in another 

(a) constant temperature 

(b) with decreasing temperature 

(c) with increasing temperature 

(d) below room temperature 

(e) at heat-treatment temperature. 

In structure, all metals are 

(a) crystalline (b) granular 

(c) wrought (d) amorphous 

(e) combinations of atoms and electrons. 
Which of the following is non-destructive test ? 

(a) tensile test (b) impact test 

(c) charpy test (d) cupping test 

(e) radiography test. 
High ratios of surface to mass tend to 
(a) produce smaller depths of hardening 
(b) produce greater depths of hardening 

(c) have no effect on depth of hardening 


(d) have unpredictability about depth of hardening 

(e) none of the above. 

Cast iron contains carbon 

(a) = 2% 

(c) < 2% 

(e) > 6.3%. 

Spherodite is the structure obtained by 

(a) quenching austenite 

(b) quenching austenite and then heating into the 
range of 200 to 375°C 

(c) quenching austenite and then heating into the 
range of 375° to 660°C 


(d) quenching austenite and then heating into the 
range of 660 to 700°C 
(e) none of the above. 


(d) 1400 BHN 


(b) < 2% 
(d) > 2% 
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The following structure 1s obtained by austempering 
process of heat treatment 


(a) troostite l 
(c) sorbite 


b) martensite 
“s (e) spherodite. 


(d) bainite on 
White cast iron is produced by the following operatio 


on grey cast iron 
(a) rapid cooling 

(c) raped heating 
(e) bright polishing. | 
The frequency of supply in induction hardening for 
heating surface of parts is proportional to 

(a) its diameter (D) (b) D, 


1 
(d) pF 


(b) slow cooling 
(d) tempering 


oe 
“D 


(e) JD. 

Troostite is the structure obtained by 

(a) quenching austenite 

(b) quenching austenite and then heating into the 
range of 200 to 375°C 

(c) quenching austenite and then heating into the 
range of 375° — 660°C 

(d) quenching austenite and then heating into the 
range of 660° — 700°C 

(e) none of the above. 

The process in which steel is coated with a thin layer 

of phosphate is known as 

(a) phosphorising 

(c) anodising 

(e) colorising. 

Steels are primarily designated according to 

(a) iron content (b) carbon content 

(c) alloying elements (d) hardness 

(e) tensile strength. 

The structure obtained by heating a steel above 

critical point and then quenching in water is 

(a) martensite (b) sorbite 

(c) acicular (d) bainite 

(e) spherodite. __ 

Sorbite is the structure obtained by 

(a) quenching austenite 

(b) quenching austenite and then heating into the 
range of 200 to 375°C 

(c) quenching austenite and then heating into the 
range of 375° to 660°C 

(d) quenching austenite and then heating into the 
range of 600° to 700°C 

(e) none of the above. 

Toughness of a material means 

(a) strength (b) machinability 

(c) stress relieving (d) softening 

(e) all of the above. 

The constitue i : . 

Ga i HN n stellite, having superior 

(a) tungsten, chromium and vanadium 

(b) tungsten, chromium and cobalt 


(b) sheradising 
(d) parkerising 
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\ 
(c) tungsten, molybdenum and cobalt 1 


(d) cobalt, nickel and aluminium 
(e) chromium, manganese and cobalt. 
Line A, on iron-carbon diagram indicates 
(a) the beginning of transition from austen: 
ferrite Me iy 
(b) completion of austenite transition to ferrit | 
pearlite © aad | 
(c) limit of carbon solubility in austenite 
(d) all of the above 
(e) none of the above. 
Line A,m on jron-carbon diagram indicates | 
(a) the beginning of transition from austenite 
ferrite 
(b) completion of austenite transition to ferrite ay 
pearlite | 
(c) limit of carbon solubility in austenite 
(d) all of the above | 
(e) none of the above. | 
Line A, on iron-carbon diagram indicates 
(a) the beginning of transition from austenite to 
ferrite | 
(b) completion of austenite transition to ferrite and 
pearlite 
(c) limit of carbon solubility in austenite 
(d) all of the above (e) none of the above. 
Eutectoid composition of carbon steel at room 
temperature is known as 
(a) pearlite 
(c) cementite 
(e) none of the above. | 
Grain size increases as temperature goes above Ay | 
line. Do these grains decrease in size when steels 
cooled toward the A, line | 
(a) yes (b) no 
(c) will decrease if cooled fast 
(d) will increase if cooled fast 
(e) none of the above. 
The alloying element that could make steel au 
at room temperature are 
(a) chromium and titanium 
(b) carbon and sulphur (c) nickel and m 
(d) molybdenum and titanium | 
(e) phosphorus and sulphur. | 
The carbon content of the eutectoid wi 
alloying elements will 
(a) increase 


(b) ferrite 
(d) martensite 


ED E 


angan” | 


ion 
th additi | 


Í 
(b) decrease | 


(c) remain unaffected Jof 

(d) increase or decrease depending 0” the | 
element | 

(e) none of the above. y cast i 


When observed unetched, the carbon in & j 
appears in the form of 
(a) graphite 

(c) ferrite 

(e) pearlite. 


(b) cementite 
(d) austenite 


d 
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397. Cementite in the form of lamellar pearlite appears 
as follows under microscope 


(a) dark (b) white 
(c) light (d) finger print 
(e) none of the above. 
398. Cementite in white cast iron appears as follows under 


microscope 
(a) dark (b) white 
(c) light (d) finger print 


(e) none of the above. 


399. Ferrite appears as follows under microscope 
(a) dark (b) white 
(c) light (d) finger print 
(e) none of the above. 
400. Pearlite appears as follows under microscope 
(a) dark (b) white 
(c) light (d) finger print 
(e) none of the above. 
401. The basic ingredient of cemented carbide is 
(a) aluminium oxide (6) vanadium 
(c) ceramics (d) tungsten oxide 
(e) non-ferrous cast alloy of cobalt, chromium etc. 
402. Stellite is a non-ferrous cast alloy composed of 
(a) cobalt, chromium and tungsten 
(b) tungsten, chromium and vanadium 
(c) tungsten, molybdenum and cobalt 
(d) molybdenum, vanadium and cobalt 
(e) aluminium-oxide, tungsten oxide and some non- 
ferrous materials. 
403. Materials exhibiting time bound behaviour are 
known as 
(a) visco elastic 
(c) isentropic 
(e) shock proof. 
404. Visco elastic behaviour is common in 
(a) rubber (b) plastics 
(c) crystalline materials 
(d) non-crystalline materials 
(e) non-crystalline organic polymers. 
405. Diamond’s weight is expressed in terms of carats. 
One carat is equal to 


(b) anelastic 
(d) resilient 


(a) 1 mg (b) 20 mg 
(c) 200 mg (d) 350 mg 
(e) 500 mg. 


406. The degradation of plastics is accelerated by 
(a) high ambients (b) dampness 
(c) corrosive atmosphere 
(d) ultravoilet radiation (e) sun rays. 
407. Which of the following metals can be easily drawn 


into wire ? 
(a) tin (b) copper 
(c) lead (d) zinc 


(e) cast iron. 
08, Following element is added to molten cast iron to 
obtain nodular cast iron 


409. 


410. 


411. 





(a) Cr (b) Mn 
(c) Cu (d) Mo 
(e) Mg. 


Silicon when added to copper increases its 
(a) machinability (b) brittleness 
(c) electrical conductivity 

(d) hardness and strength(e) malleability. 


Which of the following is an amorphous material ? 
(a) mica (b) lead 
(c) rubber (d) glass 


(e) plastic. 

Following etching solution is used for medium and 
high carbon steel, pearlitic steel, and cast iron 

(a) nital-2% HNO, in ethyl alcohol 

(b) picral-5% picric acid and ethyl alcohol 

(c) 1% hydrofluoric acid in water 

(d) 50% NH, OH and 50% water 

(e) none of the above. 


411. Duralumin Alloy contains aluminium and copper in 

the ratio of 

%AI %Cu 
(a) 94 4 
(b) 90 8 
(c) 88 10 
(d) 86 12 

412. Quartz is a 
(a) ferroelectric material 
(b) ferromagnetic material 
(c) piezoelectric material 
(d) diamagnetic material 

413. To reduce the consumption of synthetic resins, the 
ingredient added is 
(a) accelerator 
(b) elastomer 
(c) modifier 
(d) filler. 

414. Match List I (materials) with List II (applications) 
and select the correct answer using the codes given 
below the Lists: 

List I List II 
A. Engineering ceramics 1. Bearings 
B. Fibre reinforced 2. Control rods in nuclear 
plastics reactors. 
C. Synthetic carbon 3. Aerospace industry 
D. Boron 4. Electrical insulator 
Codes: A B E D 
(a) 1 2 3 4 
(b) 1 4 3 2 
(c) 2 3 1 4 
(d) 4 3 1 2 


415. Match List I with List II and select the correct 


f 
answer, using the codes given below the lists : 
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416. 


417. 


418. 


List I List II 
(Heat treatment) (Effect on the properties) 
A. Annealing 1. Refined grain structure 


2. Improves the hardness 


B. Nitriding 
of the whole mass 


C. Martempering 3. Increases surface 
hardness 
D. Normalising 4, Improves ductility. 
Codes: A B C D 
(a) 4 3 2 1 
(b) 1 3 4 2 
(c) 4 2 1 3 
(d) 2 1 3 4 
Match List I with List II and select the correct answer 
using the codes given below the lists : 
List I List II 
(Name of Material) (% Carbon Range) 


A. Hypo-eutectoid steel 1. 4.3—6.67 
B. Hyper-eutectoid steel 2. 2.0—4.3 


C. Hypo-eutectic 3. 0.8-2.0 
cast iron 
D. Hyper-eutectic 4. 0.008-0.8. 
cast iron 
Codes: A B C D 
(a) 4 g 2 1 
(b) 1 3 2 4 
(c) 4 Í 2 3 
(d) 1 2 3 4 
Which one of the following sets of constituents is 


expected in equilibrium cooling of a hypereutectiod 
steel from austenitic state ? 

(a) Ferrite and pearlite. 

(b) Cementite and pearlite. 

(c) Ferrite and bainite. 

(d) Cementite and martensite. 

Match List I with List II and select the correct answer 
using the codes given below the lists - 


List I List II 
(Alloy) | (Use) 
A. Low carbon steel 1. Bearing. 


B. Hadfield manganese 2. Thermocouple 
steel 


C. Constantan 3. Wire nails. 
D. Babbit alloy 4, Bulldozer blades. 


Codes: A 
(a) 1 
(b) 3 
(c) 3 
(d) 3 


419. Addition of magnesium to cast iron Increases it 


PD RD 


(a) hardness 


(b) ductility and strength in tension 
(c) corrosion resistance 


(d) creep strength. | 
420. Match List-I (Alloying element in steel) with List 


(property conferred on steel by the element) 
select the correct answer using the codes given} 


the lists : 


List-I 


A. Nickel 


B. Chromium 
C. Tungsten 


D. Silicon 
Codes: A 
(a) 4 
(b) 4 
(c) 1 
(d) 1 


A e m & 


4 





C D 
3 4 
1 2 
1 4 
2 1 


anf 
elo | 

List-II | 
1. Corrosion resistance | 
2. Magnetic permeability | 
3. Heat resistance | 
4. Hardenability 


C D 
3 2 
2 3 
3 2 
2 3 


421. Match List-I (Alloys) with List-II (Applications) ant | 


select the correct answer using the codes given belo 


the lists : 


List-I 
A. Chromel 
B. Babbit alloy 
C. Nimonic alloy 
- D. High speed steel 


Codes: A 
(a) 3 
(b) 3 
(c) 2 
(d) 2 


422. Pick up false statement. Addition of carbon i" $ j 
(a) hardness and strengthens it. 
(b) makes it more difficult to weld without c12 
(c)makes it more brittle and more diffic 


B 


4 
1 


machine. 


(d) increases melting point of steel and ™ 
difficult to heat-treat. 





pn 
~ 
© 

— 
= 


EE LOM I geen teen m 
abet Na a ani e e eee e eet ap oeme 


List-II 
1. Journal bearing 
2. Milling cutter 
3. Thermocouple wire 
4. Gas turbine blades 


tiene ee op ee ee <a 


C D 
4 2 
1 2 
1 3 
4 3 


el 


—_ 
-+ 
= 


ake’ | 





2. 
= = w 3 o) 4. (c) 5. (a) 6. (b) 7. (a) ; i 
17. (a) 18. (c) op oe. (a) 13. (b) 14, (a) 15. (c) 4.(0 
25. (b) 26. (o ~~ (d) 20. (a) 21. (a) 22. (a) 23. (d) 2 : d) 
33. (c) 34. (b) an sa) a (b) 29. (a) 30. (a) 31. (d) a (e) 
41. (e) 42. (b) E 36. (d) 37. (c) 38. (d) 39. (e) 3 @ i 
43. (b) 44, (c) 45. (a) 46. (c) 47. (b) Aa r 
À 
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399 
49. (e) omy ol. (b) 52. (c) 53. (a) 54. (e) 55. (b) 56. (a) 
57. (e) 58. (a) 59. (d) 60. (b) 61. (b) 62. ( 
i . (e) 63. (a) 64. (b) 
65. (a) 66. (d) 67. (b) 68 
- (a) 69. (c) 70. (e) 71. (d) 72. (d) 
73. (a) 14. (e) 75. (b) 76. (c) 77. (a) 78. (d) 79. (a) 80. (c) 
81. (a) 82. (e) 83. (d) 84. (b) 85. (b) 86. (a) 87. (b) 88. (e) 
89. (c) 90. (a) 91. (d) 92. (c) 93. (b) 94. (b) 95. (d) 96. (a) 
97. (a) 98. (a) 99. (a) 100. (a) 101. (d) 102. (d) 103. (b) 104. (a) 
105. (d) 106. (c) 107. (d) 108. (c) 109. (d) 110. (c) 111. (b) 112. (b) 
113. (a) 114. (e) 115. (d) 116. (a) 117. (d) 118. (a) 119. (b) 120. (b) 
121. (a) 122. (b) 123. (b) 124. (c) 125. (b) 126. (a) 127. (a) 128. (c) 
129. (d) 130. (c) 131. (c) 132. (e) 133. (a) 134. (d) 135. (c) 136. (a) 
137. (e) 138. (a) 139. (d) 140. (a) 141. (a) 142. (a) 143. (b) 144. (b) 
145. (a) 146. (b) 147. (a) 148. (b) 149. (a) 150. (c) 151. (d) 152. (d) 
153. (a) 154. (a) 155. (d) 156. (b) 157. (c) 158. (c) 159. (a) 160. (a) 
161. (a) 162. (e) 163. (e) 164. (a) 165. (a) 166. (b) 167. (a) 168. (b) 
169. (c) 170. (b) 171. (e) 172. (d) 173. (d) 174. (a) 175. (d) 176. (c) 
177. (b) 178. (c) 179. (b) 180. (d) 181. (e) 182. (d) 183. (c) - 184. (e) 
185. (a) 186. (a) 187. (c) 188. (b) 189. (d) 190. (a) 191. (a) 192. (d) 
193. (a) 194. (b) 195. (d) 196. (a) 197. (b) 198. (a) 199. (b) 200. (d) 
201. (c) 202. (c) 203. (c) 204. (c) 205. (b) 206. (b) 207. (a) 208. (b) 
209. (d) 210. (b) 211. (a) 212. (a) 213. (c) 214. (a) 215. (b) 216. (c) 
217. (a) 218. (a) 219. (b) 220. (d) 221. (b) 222. (c) 223. (b) 224. (b) 
225. (c) 226. (e) 227. (c) 228. (c) 229. (b) 230. (d) 231. (a) 232. (b) 
233. (e) 234. (a) 235. (d) 236. (c) 237. (d) 238. (a) 239. (a) 240. (b) 
241. (e) 242. (c) 243. (d) 244. (a) 245. (d) 246. (a) 247. (d) 248. (a) 
249. (b) 250. (a) 251. (d) 252. (d) 253. (e) 254. (c) 255. (c) 256. (a) 
257. (a) 258. (d) 259. (c) 260. (c) 261. (b) 262. (a) 263. (a) 264. (d) 
265. (d) 266. (d) 267. (c) 268. (a) 269. (a) 270. (c) 271. (b) 272. (b) 
273. (e) 274. (b) 275. (a) 276. (d) 277. (c) 278. (b) 279. (a) 280. (a) 
281. (d) 282. (b) 283. (c) 284. (c) 285. (d) 286. (d) 287. (a) 288. (d) 
289. (e) 290. (a) 291. (d) 292. (b) 293. (d) 294. (d) 295. (c) 296. (c) 
297. (a) 298. (b) 299. (e) 300. (b) 301. (d) 302. (d) 303. (b) 304. (a) 
305. (e) 306. (c) 307. (b) 308. (a) 309. (b) 310. (c) 311. (c) 312. (c) 
313. (d) 314. (a) 315. (d) 316. (c) 317. (b) 318. (a) 319. (b) 320. (b) 
321. (a) 322. (d) 323. (b) 324. (b) 325. (d) 326. (b) 327. (a) 328. (a) 
329. (b) 330. (e) 331. (b) 332. (e) 333. (c) 334. (c) 335. (c) 336. (c) 
337. (b) 338. (c) 339. (b) 340. (b) 341. (a) 342. (b) 343. (c) 344. (d) 
345. (e) 346. (a) 347. (d) 348. (d) 349. (c) 350. (b) 351. (d) 352. (c) 
353. (c) 354. (c) 355. (c) 356. (c) 357. (c) 358. (a) 359. (d) 360. (d) 
361. (d) 362. (c) 363. (c) 364. (a) 365. (c) 366. (d) 367. (e) 368. (d) 
369. (a) 370. (d) 371. (d) 372. (b) 373. (a) 374. (b) 375. (e) 376. (d) 
377. (d) 378. (a) 379. (d) 380. (c) 381. (d) 382. (d) 383. (d) 384. (c) 
385. (c) 386. (a) 387. (a) 388. (b) 389. (b) 390. (c) 391. (a) 392. (a) 
393. (b) 394. (c) 395. (b) 396. (a) 397. (a) 398. (b) 399. (c) 400. (d) 
401. (d) 402. (a) 403. (a) 404. (e) 405. (c) 406. (d) 407. (b) 408. (e) 
409. (d) 410. (d) 411. (a) 412. (c) 413. (d)* 414. (d) 415. (a) 416. (a) 
_ 417. (b) 418. (d) 419. (b) 420. (a) 421. (a) 422. (d)* 


EXPLANATORY NOTES 





422. As carbon content in steel is increased, it’s ey oa 
point is lowered, and the steel is more easily hea 
treated. 


413, Filler is used upto 50% to reduce the consumption of 
Synthetic resins. 





Pe 
ier 
Ndicates that explanatory note is given at the end. 
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Link. Every part of a machine having motion relative 


to some other part 15 called link. . sg a joint of two | 
Kinematic pair. Kinematic pair 15 2 JO" | 
iv -.. Kinematic pairs can 
elements that permits relative motion. * cca ebro | 
be classified based on nature of ( phon ° l anea] 
(b) contact between € ements, ' 

ar for complete or successful constraint between 
the elements. 

Lower pairs are those in which two elements have 
surface contact and relative motion takes place between them. 

Higher pairs have line or point contact and pair 15 
force-closed in order to provide completely constrained 
motion. Two elements held together mechanically form a | 
closed pair and those not held together mechanically form | 
unclosed pair. | 

A Kinematic chain. A kinematic chain is one mM | 
which the number of links are so connected that the relative | 
motion of any point on a link with respect to any other point 
on the other link follows a law. 

For a kinematic chain the relationship between | 
number of links L and number of joints J is | 





2 
L=,U+2) 


In the above equation, each higher pair is taken 
equivalent to two lower pairs and an additional link. 


If one of the links of the constrained chain is fixed, it 
results into mechanism. 
The criterion for a chain to be constrained is 


Js He ee 
2 2 
where, J = number of binary joints in the chain 
H = number of higher pairs, and 
L = number of links in the chain 
In the above equation, if LHS > RHS, then chain is 
locked. 


Mechanism. It is formed when one link for a 


kinematic chain is fixed, and the arrangement is used for 
transmitting or transforming motion. 


If a kinematic chain consists of ‘m’ li 

' n’ links, then n 

TEn ag aR may be obtained by fixing each of the 

= yiia ach mechanism is termed an inversion of the 
riginal kinematic chain. The mechanisms obtained in this 


way may be very different in th i 
purposes for which they are used. aina 





400 


Mechanisms and Machin, 


According t0 angular velocity ratio theorem h 
angular velocity of driver a are inver 
proportional to the intercepts made on t 4 line joining ¢, 
centres of their rotation by the norma at the point of conta, 


_ raseulelt’? Principle. This is used to reduce the 
problem of kinetics to equivalent problems on statics, 

Kennedy’s Theorem. If three bodies have plane 
motions, their instantaneous centres, lie on a straight line 





, n(n — 1) 
No. of instantaneous centres is equal to where n= 


| 
No. of links. | 

In drawing velocity polygons, important points are 

(a) The velocity of any point on the kinematic link is 
given by the vector sum of the velocity of some other pointin 
the link and the velocity of the first relative to the other 

V, =Vg+t AJB 

(b) Magnitude of the velocity at any point on the 
kinematic link relative to the other point on the kinemati 
link is the product of the angular velocity of the link and 
distance between the two points under consideration. — 

(c) Direction of the velocity of and point on 4 link 
relative to any other point on the link perpendicular to the | 
line joining the two points. 

Acceleration Polygons. If particle on 4 link has 
velocity that changes both in magnitude and direction at 4) 
moment, then it possesses two components of accelerati?” 
viz. centripetal component which is along the line joiminé 


í tre 
point and centre of rotation and directed towards y of the 
ich 

















of rotation (i.e., it is at right angles to the direction 
velocity at that instant) and a tangential compone? m 
is in the direction perpendicular to this line. 
fsa = fhia + Pia ation) 
(f stands for acceler 
= œ. AB + a AB 
® = angular velocity, a = angular acceleration r ail 
If point moves along a path that has 4 pos ‘yeb 


motion, then the absolute acceleration of the pol” f 
by the vector sum of 


at ip 
l (a) The absolute acceleration of the coincident Py 
relative to which the point under consideration !5 * acide 


= (b) acceleration of this point relative to the c” 
point and 
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(c)the third component, known as Corioli’s 
pó nent of magnitude 2% -U and its direction being the 
direction of relative velocity vector for the two coincident 

pints rotated by 90 in the direction of the angular velocity 
of the rotation of the link. 


Coriolis component of acceleration can exist only if 
there are two coincident points which have linear relative 
velocity of sliding accompanied by the rotation about fixed 


centre. 
Klein’s construction. It is used for determining the 
acceleration polygon of piston. 


Peaucellier’s mechanism is used to produce 
mathematically exact straight line motion. 


Flat belts. For flat belts 
_ speed of driver pulley (N i) 
speed of driven pulley (No) 
_ diameter of driven pulley (d,) 
diameter of driver pulley (d,) 
Considering thickness of belt (¢), 
Ny  d+t 
No d,+t 
Considering slip ‘s’ into account, 


w (BS) d,+t 
N, 100 də +t 








Length of open belt 
2 
dy - dy 
= 2D + 1.571, + d,) + Í Ad 
(D = distance between two pulleys) 


Length of crossed belt 


2 
+) 490 
4D 

According to law of belting, the centre line of the 
belt as it approaches the pulley must lie in a plane 
perpendicular to the axis of that pulley, or must lie in the 
Plane of the pulley, otherwise the belt will run off the pulley. 

A slight dwell on pulley known as crowning is 
Provided in order to prevent the belt from running off the 
Pulley, 


= 1.57 (d, +d,) + 


l (Ti — T)v 

Power transmitted by belt drive = 75 
Where, T and T, are tensions in belt on tight and slack sides, 
and v = velocity in m/sec. 

Also, LT er" . 
Where, H = coefficient of friction between belt and pulley rim 
and g= angle of lap of belt round the pulley in radians 

Tension in belt due to centrifugal force 

2 
to“ T w = weight of belt per metre of length) 
Maximum power can be transmitted by belt 


¢C ° 
"responding to velocity 





Sw 


Creep in belts results in reduction of speed of the 


a 


driven pulley and hence the reduction of power transmission. 


Initial tension in belts 





T,= Tı + 2 +27, 
For V-belt 
uo 
T, — sin a 
Tz 


where, 2a = included angle of V-belt 


Chain drive. If T be the number of teeth on chain, p 
the pitch, d the pitch circle diameter, then 


180 
d = p cosec (=) 
Chains may be roller type or inverted (silent) type. 


Gyroscopic Couple 

Ifa body having moment of inertia J and rotating about 
its own axis at œ rad/sec is also caused to turn at œ. rad/sec 
about an axis perpendicular to axis of spin, then it experiences 
a gyroscopic couple of magnitude Ian, in an axis which is 
perpendicular to both the axis of spin and axis of precession. 


Gears 

Gears are mainly used for transmission of power and 
motion. Gears are used when positive drives are necessary 
and when the centre distances are relatively short. Gears 
can be used for transmitting power from parallel, intersecting 
or skew shafts. The most commonly used forms of gear teeth 
are (1) involute and (ii) cycloidal. The advantages associated 
with involute for the flank curve of gear teeth are : 

(i) Variations in the centre distance between two 
gears have no effect on the velocity ratio between a pair of 
involute gears. 

(ii) The involute rack has straight teeth. Thus the 
complex involute form on gear can be generated from a simple 
cutter. 

(iii) The involute system has a standard pressure angle 


which is either 20° or 142 ° whereas on the cycloidal system 


the pressure angle varies from zero at pitch line to a 
maximum at the tips of teeth. 

Various types of gears commonly used are described 
below (Refer Fig. 9.1) 

Spur Gear; It is cylindrical gear whose tooth traces 
are straight lines parallel to gear axis. Spur gears can be 
used only for connecting shafts whose axes are parallel. 

Rack: It is a spur gear of infinite diameter. Its pitch 
line is straight line and pitch surface is a plane surface. 

Helical gear; It is a cylindrical gear whose tooth traces 
are straight helices i.e., teeth are inclined at an angle to the 
gear axis. 

Herringbone gear: In the case of spur gears, the tooth 
forces act only normal to the gear axis, whereas in case of 
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iti f force along the gear 
axis also acts, Tt ane congas eliminated by using 


axis also acts. Its effect, however, i 
two gears of opposite helix together; 
fabricated such that half of its width is cu 
direction and the other half of the teeth are cu age 
direction. Such a gear is called the Herringbone 


Straight Bevel Gear: A gear whose tooth “ee 
straight line generators of the cone. It 1s conica be 
operating on intersecting axes usually at right angles. . 

Spiral Bevel Gears: The tooth traces of such gears 7 ; 
curved and oblique lines but thrust load 1n these is greater. 
These can take more load, run quietly, but thrust load in 


these is greater. 
Hypoid Gears: These 
but the axes of their shafts 
Worm Gear pair: The worm a 
have their axes non-parallel and non- 
used when high speed reduction (more 
Other types of gears are zero 


helical gears, etc. 


are similar to spiral bevel gears 
do not intersect. 

nd mating worm wheel 
intersecting. These are 
than 10: 1)is required. 
bevel gears, crossed 








ean | 


(a) 





Circular pitch 


Top land 


LKAA Dy 


Face width fj. a 
A = Addendum 
Pitch circle 5 4D E an NS circle 
, an ii 
OK Dedendu Whole | 
Base circle Dedend Cap 
endum 
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ar Tooth 


his formed by portions of a pair of 


A gear toot . 
f the terms used in connection wit, 
Bea, 


le. It is an imaginary circle most usefy). 

be noted that an infinite number of; 

each associated with its own preg i | 
e 


Pitch circ 
ations. It may 


calcul 
chosen, 


circles can be 


angle. | 
Pitch Circle Diameter (P.C.D.). It is the diamete 


of a circle which by pure rolling action would produce th 
same motion as the toothed gear wheel. This is the a 
important diameter in gears. 

Module. It is defined as the length of the pitch circ) 


diameter per tooth. Thus, if P.C.D. of gear be D and number 


D aga 
of teeth n, then module (m) = T It is generally expressedin 


mm. 
essed as the number of — 


Diametral pitch. It is expr 


teeth per inch of the P.C.D. 
Circular Pitch (C.P.). It is the arc distance measured 


around the pitch circle from the flank of one tooth to a similar 
flank in the next tooth. 
C.P. =— =m. 


Addendum. This is the radial distance from the pitch 
circle to the tip of the tooth. | 
Clearance. This is the radia 
a tooth to the bottom of a mating too 
are symmetrically engaged. Its standar 
Dedendum. This is the radial distance from the pi 
circle to the bottom of the tooth space. 
Dedendum = Addendum + Clearance 
= 1 m + 0.157 m = 1.157 m 
Blank diameter. This is the diameter of 
from which gear is cut. It is equal to P.C.D. plus 
addenda. 
Blank diameter = P.C.D. + 2 m. 
=mn+2m=m(n+ 2) 


] distance from the tip of | 
th space when the teeth | 

d value is 0.1570. | 
teh | 


the blank 
twice the 


Face | 
Tooth fillet | 


circle 
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th thickness. This is the arc distance measured 
he pitch circle from its intercept with one flank to its 
Jong t , with the other flank of the same tooth. 

iatere? 


00 


: 1 rm 
Normally tooth thickness = zC D= = 


thickness is usually reduced by certain amount 


ut 
B , some amount of blacklash and also owing to 


ow fo , 


0 
add Tooth space. It is the width of space between two 
measured on the pitch circle. 
Face of tooth. It is that part of the tooth surface 
hich is above the pitch surface. 

Flank of the tooth. It is that part of the tooth surface 
„hich is lying below the pitch surface. 

Face width (w). It is the width of gear measured 


teeth 


along its axis. 
Are of approach. It is the arc measured on pitch 


circle from the point of beginning of contact to the pitch point. 

Are of recess. It is the arc measured on pitch circle 
between the pitch point and position of tooth at the end of 
contact. 

Arc of action. It is the sum of the arc of approach 
and the arc of recess. 

Base pitch. It is the arc distance measured around 
the base circle from the origin of the involute on one tooth to 
the origin of a similar involute on the next tooth. 

Involute function 6 = tan $ — 9. 

Helix angle (Helical Gears). It is the acute angle 
between the tangent to the helix and axis of the cylinder on 
which teeth are cut. 

Lead angle. It is the acute angle between the tangent 
‘othe helix and a plane perpendicular to the axis of cylinder. 

Back lash. The distance through which a gear can be 
ene to bring its non-working flank in contact with the 

eeth of mating gear. 
7 According to Lewis equation for design of gear tooth, 
sential force on gear tooth = swmY 
[Y = Lewis form factor 
m = module of tooth = 1/P 
w = face width and s = permissible stress] | 
ts Considering the velocity factor, the Lewis equation 
sets modified as 
F, =swmY x Velocity factor 
183 
5 Ditch |; 183+ V ; 
s Ine velocity in m/mt. for velocity upto 450 m/mt. 
ĉar trains. Gear train is any combination of gear 
shaft to oo of which motion is transmitted from on 
er, 


Wh 
= Velocity factor = 


ari : 
"ous types of gear trains are as follows: 


. Si , 
ms se gear train. Ina simple gear train, 
ĉar train wheel only. Fig. 9.3 shows an example 


each shaft 
of simple 


If 
tte be the b ete. be the r.p.m. of gears A, B etc. and Las T, 


numbers of teeth on A and B etc. 














——O— Fh T 0>, 


Fig. 9.3. Simple gear train. 
Na h No T Ne_ Ta 





Then, —* ; =o. = 
N N Th Na T 


NaNe No N ohr uua 





Oo 


Ni M N Ni EGE T, 


It would be noted from above that the ratio of the 
speeds of gears A and D is equal to ratio of the numbers of 
teeth on the two gears D and A, the intermediate gears having 


no effect. 


Compound gear train. In a compound train, each 
shaft except the first and last, carries two wheels, one of which 
receives its motion from first wheel and the other transmits 
motion to a driven wheel. Fig. 9.4, shows an example of 


compound train. 


Fig. 9.4. Compound gear train. 





It may be noted that 





Since, N, =N,- 





N, Nz N_N, N, 
Nz N; Na N, Na 
-h Ta 
FT T 


Thus a large speed ratio can be obtained with wheels 
of a smaller diameters. 

Reverted gear train. In a reverted gear train, first 
and last gears are on the same axis. Fig. 9.5 shows such an 


arrangement. 
It may be noted that 


PCD, + PCD, = PCD¢ + PCDp 


and also, No TiTe 
i i icycli in, the axis 
‘cyclic gear train. In epicyclic gear train, 
f eis Tane or more of the wheels is carried on an arm 
o 


hich is free to revolve about the axis of rotation of one 
W 
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moment and gives away energy when th 


sabes a 
less than resisting moment Un: | 


istin 
resisting tig, | 


moment is 


If, I = mass moment of inertia of the flywheey _ Wy 
= 


~ 


= mean, maximum and minimum... : 
rotation respectively edy 
= indi work per revoluti 
E = indicated p on ofthe R; 
shaft 


w, W; Ws 








and ë Kek- coefficient of fluctuation of Energy ay 
’ a I a 
es coefficient fluctuation of speed respecti 
W, — 02 — = | 

aier K, = or an W, J K..@ 


Fig. 9.5. Reverted gear train. 


of the other wheels in the train. The velocity ratio for this 
type of train can be found either by the relative velocity 
method, or by tabular (algebraic) method. 


Then the fluctuation of energy is given by E. K, 
The change of kinetic energy of the wheel 





(1) Relative velocity method. It would be seen from i 1 , 
Fig. 9.6 that = ilo, — Wy) (@, + 0) = 5 K o 
A (since @ a N) (assuming @, + @, = 2s 
A` ac * c IK w’* = KE, 
or Nace = Na -Ne : 1 > KE 
Similarly, and mean K.E. of fly wheel = ae = OK 
Ngc = Na-Ne i 


Governors. While a flywheel controls cyclic 


j value e = . rot 
Now train fluctuations of speed, governor maintains a constant mea 


_ Nec -Te _Na-Ne - =a speed of rotation of the crank shaft over long periods duris 
Nac Ta Na-Ne Ta which the load on engine may vary, by controlling the ña 


input. 

Centrifugal and inertia type governors are used 
commonly. 

Centrifugal governors. In centrifugal govern, 
governor balls are caused to revolve about the axis of the 
shaft. For each speed of rotation there is a fixed position © 
balls when the centrifugal force is just balanced by the inwart 
controlling force exerted by springs. The movement ae 
balls is transmitted by the governor mechanism to 0? 
the amount of energy supplied to the engine. i 

Inertia governors. In inertia type governors theba” 
are so arranged that the inertia forces caused by an as “jet 
acceleration or retardation of the governor shaft tend to# 


"m 





Fig. 9.6. Epicyclic gear train. 


(2) Tabular or algebraic method. In this method, 
assuming the arm to be fixed, the revolutions of different 
gears of the train, for one revolution of a particular convenient 
gear, are determined. Then all the values are multiplied by 


; sis = hell? 
x, and y is added to all. their position, the displacement of the governor b a i 
Refer Table below for Fig. 9.6 in which arm Cis locked | CtTolled by springs. It has rapid response to the °°. is 

and gear A is given one revolution. change of load, because displacement of the 


proportional to the rate of change of speed of rotation. 


Th i owe 
e quality of governor is assessed by the foll 
parameters. 


Arm C 





(i) Arm C fixed 


(iii) Add y 





Values of x and 
y can be determined by two known 
parameters and then other values can be determined. 
o ape aaa Flywheel acts as a reservoir which absorbs 
By when crank turning moment is greater than the 


“ch 
(a) Sensitiveness. A sensitive governor is one yar 

has large displacement of the sleeve for a give? gore 

change of speed. It is also defined as the ratio of the di oeds 

between the maximum and minimum equilibrium sp 

the mean equilibrium speed. divs of 
(6) Stability. A stable governor has only one a i 


fo 
: oD 
rotation of the governor balls for equilibrium con} 
each speed. 


(c) Isochronism. A governor is said to be R 
when the equilibrium speed is constant for all r adii © 
of the balls within the working range. 


A 
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(d) Hunting. When the speed of the engine controlled | 


by governor fluctuates continually above and below the mean 
speed, it is said to be hunting. It is caused by too sensitive 
governor. 

(e) Effort and Power, The effort of a governor is the 
force which it can exert at the sleeve on the mechanism which 
controls the supply of energy to the engine. The power of a 

overnor is the product of the governor effort and 
displacement of the sleeve. 

Watt governor. The height (A) of a Watt’s governor 
is given by h =g/wy’, where w = angular speed of the governor. 

The height of the governor is independent of the wei ght 
of the balls and length of the supporting arms of the governor. 
It varies inversely as the square of the speed. 

Porter governor. The height (A) of a Porter governor, 
when the upper and lower arms of the governor are equal 
and are pivoted either on the governor axis or at equal 
distance from the axis, is given by 

p- ( + ”) E 2 
wW 0) 
where, w = weight of the balls of governor and 
W = weight of the sleeve. 





Hartnell governor (Spring loaded governor). The 
spring force (S) exerted on sleeve if the effect of the pull of 
gravity on governor balls and arms is neglected is given by 


S =2F7 
where, F = Centrifugal force on the ball of a Hartnell 
| governor 


a = Length of vertical arm of bell crank lever 
b = Length of horizontal arm of bell crank lever. 
The lift (h) of the sleeve in the Hartnell governor is 


given by 
b 
= —(r,-r) 
a 
where, rı = maximum radius of rotation and 


r = minimum radius of rotation. 
The stiffness (k) of the spring in the Hartnell governor 


is given by 
Sı — S2 ae a) F, -F 
cs h Ab -r 


Where, F, = centrifugal force at the maximum radius of 


rotation 

F, = centrifugal force at the minimum radius of 
rotation 

S= spring force exerted on sleeve at maximum radius 
of rotation 


S, = spring force exerted on the sleeve at minimum 
radius of rotation 
The effort and power of a Porter governor (when the 
gems of the governor are equal and have equal inclination 
ith the axis of governor spindle) are given by 


Effort = c(w + W) 


1+ 2c 





2 
Power = (4s) (w+W)xh 





where, c = percentage increase in speed 

w = weight of ball of governor 

W = weight on sleeve and 

h = lift of the governor 

The effort of a Hartnell governor (when the moments 
due to weight of the arms and ball are neglected) is given by 

Effort=cxS 

where, S = spring force exerted on the sleeve. 


Balancing 

Balancing of engines and -— -NW 
other machines is essential to avoid — 
unpleasant and even dangerous Pi 
vibrations produced by dynamic n 


forces due to revolving and 
reciprocating parts. 


A balanced weight W at radius 
r can be balanced by weight B at 
radius b, located diametrically 
opposite to W in the same plane. 

In Fig. 9.7, for complete 
balancing, 





(Big) ob = (Wig) œr 
Bb = Wr 
Several weights (in same plane) W,, W,, W,, etc. each 
one rigidly attached to a shaft, at radii r,, r,, r., etc. can be 
balanced by drawing a polygon of forces as shown in Fig. 9.8. 


Cc 





(b) 


Fig. 9.8 


In Fig. 9.8 (6), oa represents W, r,, ab represents W, 
r, and is oriented at angle a w.r.t. oa extended. od represents 
the product of balancing mass B at radius b and its location 
is at angle doa or 6 with reference to initial reference as shown 
in Fig. 9.8 (b). 


A W 





Fig. 9.9 | 


Scanned by CamScanner 








W,, W rotating at radii r,» 
b?’ c 


When several masses W» Ot distance Lol and L, 


r,,r respectively in different plane lanced, then first each 
from the reference plane are to be ba “i a This results in 
of these is transferred to the reference p p ' f magnitudes 
production of centrifugal forces Fa» F b? lv. A force polygon 
proportional to W, r, Ware» Wee age . drawn. The 
with sides proportional to W, Ta W, r an aa satisfies the 
closing side of the polygon will give Bo. D 

first condition for balancing, Viz. xrW.r=v. 


When transferring forces, these rotating ar E 
produce couples of magnitudes proportional to Wara P k ore 4 
W rl respectively, and they are drawn parallel to the rotasi 

ASS i `< drawn and the closing 
masses themselves. A couple polygon 1s p 
side will give the magnitude of the couple, being sense T 
at 90°. 7 os 

This satisfies the second condition for balancing, l-e., 
x Wri = 0. 


Balancing of reciprocating parts. Force — 
to accelerate reciprocating parts of weight W is given by 
W 
F=—or 


| cos 2] 
cos 8 + 
g n 


which is also equal to the reversed effective force or inertia 
force. 


2 





This inertia force can be split up as 


2 cos 20 


F= We ote cose 00 r. 
g & n 
= i, (primary disturbing force) 

+ F (secondary disturbing force) 

Secondary disturbing force of the reciprocating mass 

comes into play due to obliquity of the connecting rod, and 
its maximum value is only 1/n times the maximum value of 
the primary force. The primary disturbing force is balanced 
by a balancing weight B placed diametrically opposite to 
crank at radius b. Now component parallel to the line of stroke 


B 
of the centrifugal force of this mass = (2) w*b.cos 8. The 


W 
resultant disturbing force parallel to the line of stroke = =) 


B o? 
wr . cos 8 — r wb cos 0 or (Wr — Bb) | — | cos 0. 
E 


This will be zero when Bb = Wr. 


Since centrifugal force of the revolving mass has a 


B l . 
component (2) wb . sin 0, perpendicular to the line of stroke, 


another unbalanced vertical force of the same magnitude is 
introduced in balancing the force along the line of stroke. 


. In actual practice, only a portion of the primary forces 
is balanced. As unbalanced force along the line of stroke is 
more harmful than in a direction perpendicular to it, the 


common practice is to balance two-third of the reciprocating 
parts. 


. The vertical component of unbalanced force results in 
variation in the pressure between the wheel and the rail. Its 


a 


— 





vw ry 













maximum value is 


blow. 





Fig. 9.10 


is to be balance 


V2 W 
z ee ee HO Ps 
effort 3 8 


owing to the distance a between the cylinder centre lines, 
When two-third of the reciprocating mass is balanced 
maximum value of the swaying couple 


The secondary force produced by the reciprocatug 
parts can be considered as equal to primary force ant 
by the same weight having an equivalent crank of radius 
r?/4l and rotating at twice the engine speed. 


Vibrations 


n . ints i 

If a body held in its position by elastıc ou 
displaced from its equilibrium position by an extern 
and released, then it starts vibrating. 


d 
Vibrations may be classified as free, damped, y 
forced type; and longitudinal, transverse and ahh e 
If after initial displacement, no external forces act s tbe? 
motion is maintained by the internal elastic forces 
vibrations are said to be free or natural vibrations. the 
Due to resistances, both internal and xs 
energy processed by the system is gradually diss!P : 
vibrations are said to be damped. . the pods 
If a periodic disturbing force is applied t0 jed ™ 
then vibrations have the same frequency as t e app 
and such vibrations are called forced vibrations: potio” 


. . bd € 
Period is the interval of time taken by ia 
repeat itself. 


. N ; . in 
Cycle is the motion completed 1n time ! 


i 
terval! d 
period. ad atid? 

Frequency is the number of complete cy¢ y 
in a unit interval of time. y of! , 
i freque? of 9 

Resonance is caused when the 


ency 
external force coincides with the natural frequ 
system. 





A 
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The unbalanced parts of the primary disturbing fors 
cause a horizontal swaying couple to act on the locomotive 


2) œ. b and is termed ag the ha cM 
E am, 


The variation of tractive effort is caused by t, 
unbalanced part of the primary disturbing force Of th 
reciprocating masses. When two-third of reciprocating weigh 

d, then the maximum variation of tract, 


n 


MECHANISMS AND MACHINES 


The natural frequency of the system in case of free 
vibrations is given by 
1 ig 
fn = 2n VS 
(for longitudinal and transverse vibrations) 
where, 5 is the static deflection of the shaft. 
For torsional vibrations 
1 jq 
fn = 2m V1 
where, q = torsional stiffness of shaft. 


The inertia of shaft for longitudinal vibrations can be 


allowed by adding one-third of its mass to that of the attached 
disc or flywheel. | 


The inertia of the shaft for transverse vibrations can 
be allowed by adding 33/140 of its mass to that of the disc or 
flywheel. 

The inertia of the shaft for torsional vibrations can be 
allowed by adding one-third of its mass moment of inertia to 
that of the disc or flywheel. 

Frequency of transverse vibrations of a shaft carrying 
several loads, W,, Ws, W,, ... etc. and having 6,, 5, 5; ... ete. 
the static deflections of shaft under each load acting 
separately and 8. the maximum static deflection of shaft 

under its own weight is equal to . 
4.987 
~ (8) + 8) +83 +...8,/1.27)? 
This is as per Dunkerley’s empirical method. 


As per Rayleigh’s or energy method, frequency of 


vibration for a shaft carrying several loads and total 
deflection y 


1 | 2Wy 
= — 5 -g 
2n \ > Wy 





Free Harmonic Vibrations of Systems with one Degree 
of Freedom 

Ifan elastic system is disturbed from L11411111441 
its equilibrium positions, elastic restoring 
forces of the system in the disturbed position 
tend to cause vibration. 


k 

If a spring of spring constant ‘k’ is 

disturbed, then natural frequency 
. : W X 
w, =} EA no. of free oscillations [wi 
2n W 

per sec, 

l In the case of torsional vibrations GES 
with a disk of polar moment of inertia J, Fig. 9.11 


Period of torsional oscillation = VqiJ 
Where, g = torque moment necessary to produce angle of 


twist of one radian in shaft. 
Damped Free Vibrations 
With viscous damping (damping proportional to 
Velocity) having damping coefficient C, 
x = Ae% +P 4+ Be a- prt 
Where, A and B are constant of integration. 








a = Cg/2W 


B= Jc2g?/4w? — kg/W 


when, c*g?/4W2 > kg/W, B is real and positive. It results in 
exponential decay, in which 


x > 0 ast > infinity 
when, c*g?/4W2 < kg/W, B is imaginary and amplitude 


diminishes after each cycle as shown in Fig. 9.12. Frequency 
does not change and t =t, = ts. 


When, c2g7/4W? = kg/W, B = 0 and c = C, = critical 


. [4Wk 
damping = EJ 


Forced Vibrations without Damping 


When impressed force F = F, cos wt is applied with frequency 
w/sec, 


F 
then x=Asin @,t + B cos wt + ea (Vo? = w”)) COs wt 


je— t —H— ti—pe t; — 


t bah 


Fig. 9.12 
In general vibrations due to first two terms die out 
shortly 


yg 1 
Then, x= w Cea — z) cos wt 


n 


ô = static deflection = 2 


Fog 1 
to =a = (BE) (tr 
n 


Xo _ 1 _ 
ð 1-07/w? g 





ME, 
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Three cases are possible (Refer Fig. 9.13) 


o 
(i) when, — = 0, x = ô 
On 


o) 
(ii) when, — =%,x=0 
On 


o) 
(iii) when, R 1, x = ~ (Resonance) 
n 


Vibration Isolation 





Forced Vibration with Damping 
The motion of weight in this case is 
x =e” (A o8 Bt + B sin Pt) +C sin og 4 D, 
A, B, C and D are constants of integration f 
§ have same meaning as earlier. 
For steady state application, only last two terms. 
of interest an 


á and Yan, 


T x = C sin wt + D cos o 


o- — WE 
— W (wt - 0° )W +e gu 
1 Fug W loi - 0’) 
as | —z D = W (nt oY W 4 ot? 
i | W (7, -o°) +e gw | 
2 
OM 


For practical vibration 


isolation Leg, This is 
On 


accomplished by supplying a small 
value of w, through use of soft 
springs or by increasing mass of 
machine or its foundation. 





Fig. 


Whirling Speed of Shaft 


If h be the initial displacement of c.g. of flywheel on 


shaft from axis of rotation, and y its additional displacement 
due to centrifugal force, then 


y__} 
2 
E 
0) 
The ratio y/h will be infinitely large when the 


denominator of the expression is zero, i.e., when 0 = @ 
m 


This value of wis known as critical or whirling speed. 





For vibration isolation transmission ratio is defined where 
| 





R= JD =~. l 
k ( 2 2 P 
1-57] A 


wy J ira 
On CD, | 





ó = tan” t — 
D 


Czo 
Ww? - 0?) 





| x 0) oO. 
The relation between — Vs.— and 6 Vs. — is 
Lae O, 2, 

shown in Fig. 9.15. 








C 
~ =9 0.125 
5 Co Fi 
| Z 
Xo 5 
Xot 
3 10 
1 
| | 
1 3 
ola, —> 
9.15 


. . æy G16 
__ Equivalent length of the shaft shown in Fig. 
with equivalent uniform diameter d i for the whole § 


given by 
4 4 
L=t, + (2) TE +. 


When a shaft with two flywheels of inertias 1 
at its end vibrates, then the flywheels vibrate torsi?” * ©. 
opposite direction and at some point along the ax15 © © The 
node, a section which remains undisturbed by vibrato” 
node divides the shaft into two length / , and l; 


and l; 
ly 8 





À 
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MECHA 
Cams 
According to According to According to method of 
follower motion shape provision of constraint 
2 - (a) D-R-D (a) Wedge of the follower 
(Dwell-rise (b) Radial (a) Spring loaded 
-dwell) (c) Globoidal (b) Positive drive 
(b) D-R-R-D (d) Cylindrical 
(Dwell-rise- (e) Conical 
return-dwell) (f) Spherical 
(c) R-R-R (g) 3-dimensional 
(Rise-return- (h) Inverse 
Fig. 9.16 nisa). 
Cams can be classified in following three ways as 
L I, shown below : 
such that = . 
b h Cam followers can be classified as follows : 
Frequency of vibration of such system Followers 
DES [CI + Ip) aan See 
2n ily «Ip According to According to According to 
construction type of the location of 
Cams of surface movement line of movement 
Cams are mechanical members having miscellaneous w.r.t. cam 
contour surfaces which transmit a desired motion to a | 
follower by direct contact; and the cam mechanisms are used | | | 
to create mathematical functions, motion (movement in a Knife Roller Flat Radial Offset 
prescribed, exact path), mechanisms and mechanical edge faced 


computers. With the help of cams it is very easy, accurate 
and efficient to produce a given motion, velocity and 


acceleration. , a 
Translating Oscillating 


MULTIPLE CHOICE QUESTIONS 





1. Which of the following disciplines provides study of 5. Which of the following is a lower pair ? 
inertia forces arising from the combined effect of the (a) ball and socket (b) piston and cylinder 
mass and the motion of the parts ? (c) cam and follower (d) (a) and (b) above 
(a) theory of machines > (b) applied mechanics (e) belt drive. 
(c) mechanisms (d) kinetics 6. Iftwo moving elements have surface contact in mo- 
(e) kinematics. tion, such pair is known as 
2. Which of the following disciplines provides study of (a) sliding pair (b) rolling pair 
relative motion between the parts of a machine ? (c) surface pair (d) lower pair 
(a) theory of machines (b) applied mechanics (e) higher pair. . 
K pier (d) kinetics 7. The example of lower pair is 
e) kinematics. (a) shaft revolving in a bearin 
3. Which of the following disciplines provides study of (Getrag e aoi Sp 
the relative motion between — of a machine ic) nakanai steenne dens 
“rg the forces acting on the parts: (d) all of the above (e) none of the above. 
e ee 8. Pulley in a belt drive acts as 
(c) ae a po oe (a) cylindrical pair (b) turning pair 
. * d lidi . 
iy kinetic (c) rolling pair (d) sliding pair 


(e) surface pair. 
9. The example of rolling pair is 
(a) bolt and nut 


(e) kinematics. 
4. The type of pair formed by two elements which are 
so connected that one is constrained to turn or re- 


volve about a fixed axis of another element is known (b) lead screw of a lathe 

“p , i (c) ball and socket joint 

# a pair ne ne T (d) ball bearing and roller bearing 
ee (e) all of the above. 


(e) lower pair. A 
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10. 


11. 
12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 





Any point on a link connecting double slider crank 
chain will trace a 

(a) straight line (b) circle 

(c) ellipse (d) parabola 

(e) hyperbola. 

The purpose of a link is to 

(a) transmit motion (b) guide other links 

(c) act as a support (d) all of the above 


(e) none of the above. 

A universal joint is an example of 

(b) lower pair 
(d) sliding pair 


(a) higher pair 
(c) rolling pair 
(e) turning pair. | 
Rectilinear motion of piston is converted into rotary 
by 

(a) cross head (b) slider crank 
(c) connecting rod (d) gudgeon pin 
(e) four bar chain mechanism. 


A heavy ball is suspended from a fixed point by a 
string of length 1 m and is rotating about a vertical 
axis through this point with uniform angular velocity 
of 10 rad/sec. Angle between cord and vertical axis 
will be 


(a) cos- 1 9.81 (b) cos-! 0.981 
(c) cos~! 0.0981 (d) cos- 1 0.00981 
(e) more data is required to determine same. 


The values of velocity and acceleration of piston at 
near dead centre for a slider-crank mechanism willbe 
(a) 0, and more than œ?r (b) 0; and less than wr 
(c) 0,0 (d) ar, 0 

(e) none of the above. 

The example of spherical pair is 

(a) bolt and nut 

(b) lead screw of a lathe 

(c) ball and socket joint 

(d) ball bearing and roller bearing 

(e) none of the above. 


Cross head and guides form a 
(a) lower pair (b) higher pair 
(c) turning pair (d) rolling pair 


(e) sliding pair. 


(c) 12, n (n — 1) 


(e) none of the above 


A cire 
ular ba . . 
nd hole is an example 


20. 


21. 


22. 


23. 


24, 


25. 


26. 


27. 


28. 


(a) purely turning 


(d) all of the above 


LLL OT] IANICAL ENGINgg 


(a) incompletely constrained motion 
(b) partially constrained motion 

(c) completely constrained motion 
(d) successfully constrained motion 
(e) none of the above. 


If some links are connected such that motion bety 


them can take place in more than one direction i 
called 

(a) incompletely constrained motion 

(b) partially constrained motion 

(c) completely constrained motion 

(d) successfully constrained motion 

(e) none of the above. 

If there are L number of links in a mechanism the, 
number of possible inversions is equal to 
(a)L+1 (b)L-1 

(c) L (dZ)L +2 

e)L—-2. 

Kinematic pairs are those which have two elements 
that 

(a) have line-contact (b) have surface contact 
(c) permit relative motion 

(d) are held together (e) have dynamic forces. 
A simple mechanism has 

(a) 1 link (b) 2 links 

(c) 3 links (d) 4 links 

(e) 5 links. 

The lower pair isa 

(a) open pair (b) closed pair | 

(c) sliding pair (d) point contact pail 
(e) does not exist. 


Automobile steering gear is an example of 


(a) higher pair (b) sliding pair 


(c) turning pair (d) rotary pair 


(e) lower pair. 


In higher pair, the relative motion is 


(c) purely rotary (d) purely sul face ° 


(e) combination of sliding and turning. 


Which of the following has sliding motion 
(a) crank 


(b) connecting "° 


(c) crank pin (d) cross-head 


(e) cross head guide. 


The example of higher pair is 


(a) belt, rope and chain drives 
(b) gears, cams 


(c) ball and roller bearings 


(e) none of the above. 
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Which of the following mechanism ig obtained from | 
lower pair ? | 


(a) pyYrORnCOpeE 
(¢) valve and valve pears 


(b) pantograph 


(d) genorated straight line motions 
le) all of the above, 


Which of the following would constitute a link ? 
(a) piston, piston rings and gudgeon pin 

(b) piston, and piston rod 

(c) piston rod and cross head 

(d) piston, crank pin and crank shaft 

(e) piston, piston-rod and cross head, 

The Scott-Russell mechanism consists of 

(a) sliding and turning pairs 

(b) sliding and rotary pairs 

(c) turning and rotary pairs 


(d) sliding pairs only (e) turning pairs only. 


Davis steering gear consists of 


(a) sliding pairs (b) turning pairs 


(c) rolling pairs (d) higher pairs 


(e) lower pairs. 


Ackermann steering gear consists of 


(a) sliding pairs (b) turning pairs 


(c) rolling pairs (d) higher pairs 


(e) lower pairs, 


A completely constrained m 


otion can be transmitted 
with 


(a) 1 link with pin joints (b) 2 links with pin joints 


(c) 3 links with pin joints (d) 4 links with pin joints 
(e) all of the above. 


The motion transmitted between the teeth of gears 
in mesh ig 


(a) sliding (b) rolling 

(c) rotary 

(d) could be either sliding or rolling depending upon 
shape of teeth 


(e) partly sliding and partly rolling. 

Oldham’s coupling is the 

(a) second inversion of double slider crank chain 
(6) third inversion of double slider crank chain 
(c) second inversion of single slider crank chain 
(d) third inversion of slider crank chain 

(e) fourth inversion of double slider crank chain. 
Sense of tangential acceleration of a link 

(a) is same ag that of velocity 

(b) is opposite to that of velocity 

(c) could be either Same or opposite to velocity 


(d) is perpendicular to that of velocity 
(e) none of the above. 


aH, 


39, 


40), 
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42. 


43. 


45. 


- A slider crank C 





A mechanism is an assemblage of 
(a) two links 

(h) three links 

(c) four links or more than four links 
(cL) all of the above 


(e) none of the above. 


The number of Jinks in pantograph mechanism is 
equal to 


(4) 2 (bys 
(cj 4 (d) 5 
le) 6, 


Klements of pairs held together mechanically is 
known ag 

(a) closed pair (b) open pair 
(c) mechanical pair (d) rolling pair 
(¢) none of the above, 

Shaft revolving in a hearing is the following type of 
pair 

(a) lower pair (b) higher pair 


(c) spherical pair (d) cylindrical pair 


(e) bearing pair. 


Rectangular barina rectangular hole is the fol lowing 
type of pair 

(a) completely constrained motion 

(b) partially constrained motion 

(c) incompletely constrained motion 

(d) freely constrained motion 

(e) none of the above. 


A foot step bearing and rotor of a vertical turbine 
form examples of 

(a) incompletely constrained motion 

(b) partially constrained motion 

(c) completely constrained motion 


(d) successfully constrained motion 
(e) none of the above, 


hain consists of fo 


of turning and sliding pairs ORRE minia 
(a) 1,3 (b) 2,2 

(c) 3,1 (d) 4,0 

(e) 0,4 


(a) L=3/2(J +2) (b) L = (3 +2) 


2 
(0) L= =I +2) ()L== (J +1) 


fe)L = Eg +3). 
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50. 


5l. 


52. 


53. 





Relationship between the number of links (L) and 
number of pairs (P) is 


(a)P=2L-4 (b)P=2L+4 
(c)P=2L+2 (d) P=2L—-2 
(e)P=L—-4. 


The criterion of constraint of a chain as enunciated 
by A.W. Klein, connecting the number of binary joints 
(J), number of higher pairs (H), and number of links 
(L) is 


(a) J+ =H =5L-2 (b) J+ H = 3L-2 


2 
3L -2 
2 





: 1 
(J+ ŽH=3L-2 (d) J + 5H = 


(e)J+5H=L-2 


In Problem 47, the chain is locked when 
(a) L.H.S. = R.H.S. (b) L.H.S.> R.H.S. 
(c) L.H.S. < R.H.S. 


(d) there is no such criterion for checking above 
requirement 


(e) none of the above. 

In Problem 47, the chain is unconstrained when 
(a) L.H.S. = R.H.S. (b) L.H.S. > R.H.S. 

(c) L.H.S. < R.H.S. 


(d) there is no such criterion for checking above 
requirement 


(e) none of the above. | 

In Problem 47, the chain is constrained when 
(a) L.H.S. = R.H.S. (b) L.H.S. < R.H.S. 
(c) L.H.S. > R.H.S. 


(d) there is no such criterion for checking above 
requirement 


(e) none of the above. 
The tendency of a body to resist change from rest or 
motion is known as 
(a) mass 

(c) inertia 


(6) friction 


(d) resisting force 
(e) resisting torque. 


He 981 
A flywheel weighs p kg and has a radius of 


gyration of 100 cm. It is given a spin of 100 r.p.m. 
about its horizontal axis. The whole assembly is 
rotating about a vertical axis at 6 rad/sec. The 
gyroscopic couple experienced will be 


(a) 2000 kg m (b) 19,620 kg m 
(c) 20,000 kg m (d) 1962 kg m 
(e) none of the above. 


The type of coupling used t 
axes are neither in same st 
but intersect is 


o join two shafts whose 
raight line nor parallel, 


60. The c.g. ofa link in any mechanism would experi 


MECHANICAL ENGINgg 
| 


(a) flexible coupling 
(c) chain coupling 
(e) American coupling. 


54. The advantage of the piston valve over D. sli 
is that in the former case 


(b) universal COUplin 
(d) Oldham’s couplin. 
5 


(a) wear is less 
(b) power absorbed is less 
(c) both wear and power absorbed are low 


(d) the pressure developed being high provides tight 
sealing 


(e)there is overall economy of initia] ane 
maintenance and operation. 
55. Flexible coupling is used because 
(a) it is easy to disassemble 
(b) it is easy to engage and disengage 
(c) it transmits shocks gradually 


(d) it prevents shock transmission and eliminates 
stress reversals 


(e) it increases shaft life. 


56. With single Hooke’s joint it is possible to connect two 
shafts, the axes of which have an angular 
misalignment upto 


(a) 10° (b) 20° 
(c) 30° (d) 40° 
(e) 60°. 


57. The Hooke’s joint consists of : 
(a) two forks (b) one fork 
(c) three forks (d) four forks 
(e) five forks. 


58. The Klein’s method of construction for reciprocating 
engine mechanism | 
(a) is based on acceleration diagram 
(b)is a simplified form of instantaneous centre 
method 


(c) utilises a quadrilateral similar to the diagram of 
mechanism for reciprocating engine 
(d) enables determination of Corioli’s component 
(e) none of the above. 
59. It is required to connect two parallel shafts, the 


. i ji 
distance between whose axes is small and varia 
The shafts are coupled by 


(a) universal joint (b) knuckle joint 


(d) flexible coupling 
(e) electromagnetic coupling. 


(c) Oldham’s coupling 


ence 
(a) no acceleration 

(b) linear acceleration 

(c) angular acceleration 


(d) both angular and linear accelerations 
(e) none of the above. 
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61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69, 


_ (a) less 


In elliptical trammels 

(a) all four pairs are turning 

(b) three pairs turning and one pair sliding 
(c) two pairs turning and two pairs sliding 
(d) one pair turning and three pairs sliding 
(e) all four pairs sliding. 


In automobiles the power is transmitted from gear 
box to differential through 


(a) bevel gear (b) universal joint 


(c) Hooke’s joint (d) Knuckle joint 


(e) Oldham’s coupling. 

The indicator using Watt mechanism is known as 
(a) Thompson indicator (b) Richard indicator 

(c) Simplex indicator (d) Thomson indicator 

(e) none of the above. 

The Ackermann steering mechanism is preferred to 
the Davis type in automobiles because 

(a) the former is mathematically accurate 

(b) the former is having turning pair 

(c) the former is most economical 

(d) the former is most rigid 

(e) none of the above. 

Transmission of power from the engine to the rear 
axle of an automobile is by means of 

(a) compound gears 

(b) worm and wheel method 

(c) Hooke’s joint 
(d) crown gear (e) bevel gears. 


When a ship travels in a sea, which of the effect is 


more dangerous 
(a) steering (b) pitching 
(c) rolling (d) all of the above 
(e) none of the above. 


In an ideal machine, the output as compared to input 
is 


(b) more 

(c) equal 

(d) may be less or more depending on efficiency 
(e) always less. 

Governor is used in automobile to 

(a) decrease the variation of speed 


(6) to control ~~ (c) to control ô N 


(d) all of the above (e) none of the above. 


In sramophones for adjusting the speed of the 


turntable, the following type of governor is commonly 
employed 


(a) Hartung governor 
(6) Wilson Hartnell governor 


70. 


71. 


72. 


713. 


74. 


75. 


76. 


TI. 


(d) all of the above 





(c) Pickering governor (d) Inertia governor 
(e) none of the above. 

For fluctuating loads, well suited bearing is 
(a) ball bearing (b) roller bearing 
(c) needle roller bearing (d) thrust bearing 
(e) sleeve bearing. 

Crowning on pulleys helps 

(a) in increasing velocity ratio 

(b) in decreasing the slip of the belt 


(c) for automatic adjustment of belt position so that 
belt runs centrally 


(d) increase belt and pulley life 

(e) none of the above. 

Idler pulley is used 

(a) for changing the direction of motion of the belt 
(b) for applying tension 

(c) for increasing velocity ratio 

(e) none of the above. 


In multi-V-belt transmission, if one of the belt is 
broken, we have to change the 


(a) broken belt 
(b) broken belt and its adjacent belts 
(c) all the belts 


(d) there is no need of changing any one as 


remaining belts can take care of transmission of 
load 


(e) all the weak belts. 


The moment on the pulley which produces rotation 
is called 


(a) inertia (b) momentum 

(c) moment of momentum 

(d) work (e) torque. 

Creep in belt drive is due to 

(a) material of the pulley (b) material of the belt 
(c) larger size of the driver pulley 


(d) uneven extensions and contractions due to 
varying tension 


(e) expansion of belt. 


The horse power transmitted by a belt is dependent 
upon 


(a) tension on tight side of belt 
(b) tension on slack side of belt 
(c) radius of pulley 
(e) all of the above. 


The locus of a point on a thread unwound from a 
cylinder will be 


(d) speed of pulley 


(a) a straight line 
(c) involute 
(e) helix. 


(b) a circle 
(d) cycloidal » 


ORs, 
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bd . > d 
To transmit power from one rotating shaft to another 
whose axes are neither parallel nor intersecting, use 


(b) spiral gear 
(d) worm gear 


(a) spur gear 
(c) bevel gear 
(e) crown gear. 
In a gear drive, module is equal to 

1 _ + 
2 diametral pitch a circular pitch 
circular pitch (d) diametrical pitch 

T T 

(e) n/diametral pitch. 


(c) 


Addendum is given by 


) —— (b) diametral pitch 
circular pitch 


(c) one module (d) 1.25 module 

(e) none of the above. 

To obviate axial thrust, following gear drive is used 
(a) double helical gears having opposite teeth 

(b) double helical gears having identical teeth 


(c) single helical gear in which one of the teeth of 
helix angle & is more 


(d) mutter gears (e) none of the above. 


Which of the following is false statement in respect 
of differences between machine and structure ? 


(a) Machines transmit mechanical work, whereas 
structures transmit forces 


(b) In machines, relative motion exists between its 
members, whereas same does not exist in case of 
structures 


(c) Machines modify movement and work, whereas 
structures modify forces 


(d) Efficiency of machines as well as structures is 
below 100% 


(e) Machines are run by electric motors, but 
structures are not. 


If D, and D, be the diameters of driver and driven 
pulleys, then belt speed is proportional to 


(a) D,/D, (b) DJD, 
(c) D,- D, (d) D, 
(e) D, + Do. 


84. Typewriter constitutes 


85. 


(a) machine (b) structure 
(c) mechanism 

(e) none of the above. 
Lower pairs are those which have 


(a) point or line contact between the two elements 
when in motion 


(d) inversion 


(b) surface contact between the two elements when 
in motion 


(c) elements of pairs not held together mechanically 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


93. 


94. 
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(d) two elements that permit relative ae Ñ 
(e) none of the above. lon 


A point on a link connecting double slide, A 
traces a : 


(a) straight line 
(c) parabola 
(e) ellipse. 


(b) circle 
(d) hyperbola 


A pantograph is a mechanism with 
(a) lower pairs 

(c) rolling pairs 

(e) spherical pairs. 


(b) higher pairs 
(d) turning pairs 


Kinematic pairs are those which have | 


(a) point or line contact between the two elemen, | 
when in motion Pals 


(b) surface contact between the two elements whe 
in motion i 


(c) elements of pairs not held together mechanical 
(d) two elements that permit relative motion | 
(e) none of the above. | 


If the opposite links of a four bar linkage are equa, | 
the links will always form a | 
(a) triangle (b) rectangle 
(c) parallelogram (d) pentagon 
(e) trapezoid. 

Higher pairs are those which have 


(a) point or line contact between the two elements 
when in motion 


(b) surface contact between the two elements when 
in motion 


(c) elements of pairs not held together mechanically 
(d) two elements that permit relative motion | 
(e) none of the above. | 
A cam mechanism imparts following motion 

(a) rotating (b) oscillating 

(c) reciprocating (d) all of the above | 
(e) none of the above. | 


titut 
A cam with a roller follower would const 
following type of pair 


(a) lower pair (b) higher pait 

(c) open pair (d) close pair 

(e) cam pair. 
anism 15 


The approximate straight line mech 
(a) four bar linkage 

(b) 6 bar linkage 

(c) 8 bar linkage 

(d) 3 bar linkage 

(e) 5 bar linkage. 

Open pairs are those which have 


` n WwW 
(a) point or line contact between the t 
when in motion 


t 
0 eles” 


LLL LD 
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(b) surface contact between the two elements when 
in motion 

(c) elements of pairs not held together mechanically 

(d) two elements that permit relative motion 

(e) none of the above. 


95, Peaucellier mechanism has 


(a) eight links (b) six links 
(c) four links (d) twelve links 
(e) five links. 

9g. Hart mechanism has 
(a) eight links (6) six links 
(c) four links (d) twelve links 
(e) five links. 


97. A chain comprises of 5 links having 5 joints. Is it 
| kinematic chain ? 

3 (a) yes (b) no 

(c) itis a marginal case 

(d) data are insufficient to determine it 

(e) unpredictable. 





98. 


ioe) 


In the following equation p = Zg + 2)| to deter- 


mine whether or not the given chain in kinematic, 
higher pair is treated equivalent to 

(a) two lower pairs and two additional links 

(b) two lower pairs and two additional links 

(c) one lower pair and two additional links 

(d) any one of the above 

(e) none of the above. 


99. The main disadvantage of the sliding pair is that it 
is 


(a) bulky (6) wears rapidly 
(c) difficult to manufacture 
(d) (a) and (b) above 


(e) (a) and (c) above. 


For a kinematic chain to be considered as mechanism 
(a) two links should be fixed 

(b) one link should be fixed 

(c) none of the links should be fixed 

(d) there is no such criterion 

(e) none of the above. 


l . l 
01. = eccentric sheave pivoted at one point rotates and 
-“ansmits oscillatory motion to a link whose one end 


1s Pivoted and other end is connected to it. This 
Mechanism has 


100. 


(a) 2 links (6) 3 links 
(c) 4 links (d) 5 links 
(e) none of the above. 

102, Whitworth 


quick return mechanism ; 
inversion of ism 1s obtained by 


(a) slider crank mechanism 
kinematic chain 


d) roller cam mechanism 


a 


(c) five link mechanism 
(e) none of the above. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


In its simplest form, a cam mechanism consists of 
following number of links 


(a) 1 (b) 2 
(c) 3 (d) 4 
(e) none. 


Which of the following mechanisms produces 

mathematically an exact straight line motion ? 

(a) Grasshopper mechanism 

(b) Watt mechanism 

(c) Peaucellier’s mechanism 

(d) Tchabichiff mechanism 

(e) Ackermann mechanism. 

In a mechanism, usually one link is fixed. If the fixed 

link is changed in a kinematic chain, then relative 

motion of other links 

(a) will remain same (6) will change 

(c) could change or remain unaltered depending on 
which link is fixed 

(d) will not occur (e) none of the above. 

A kinematic chain requires at least 

(a) 2 links and 3 turning pairs 

(6) 3 links and 4 turning pairs 

(c) 4 links and 4 turning pairs 

(d) 5 links and 4 turning pairs 

(e) none of the above. 

In a drag link quick return mechanism, the shortest 


link is always fixed. The sum of the shortest and 
longest link is 


(a) equal to sum of other two 

(6) greater than sum of other two 
(c) less than sum of other two 

(d) there is no such relationship 
(e) none of the above. 


The following is the inversion of slider crank chain 
mechanism 


(a) Whitworth quick return mechanism 
(6) hand pump 

(c) oscillating cylinder engine 

(d) all of the above 

(e) none of the above. 


Kinematic pairs are those which have 

(a) two elements held together mechanically 

(b) two elements having relative motion 

(c) two elements having Coroili’s component 

(d) minimum of two instantaneous centres 

(e) all of the above. 

According to criterion of constraint by A.W. Klein 


1 2 
(@)J+ŽH=3/2L-2 bH +5 = L-2 


1 
(0) J +H =3/2L-1 (d) J + 3/2H = 5L -2 


(e) none of the above. 

where, J = number of binary joints, 
H = number of higher pairs, 

and L = number of links. 
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111. A quarternary joint is equivalent to 
(a) one binary joint 
(c) three binary joints 
(e) none of the above. 


112. A typewriter mechanism has 7 number of binary 
Joints, six links and none of higher pairs. The 
mechanism is 
(a) kinematically sound (b) not sound 
` (c) soundness would depend upon which link is kept 

fixed 
(d) data is not sufficient to determine same 
(e) none of the above. 


113. Ina four-bar chain itis required to give an oscillatory 

motion to the follower for a continuous rotation of 
the crank. For the lengths of 50 mm of crank and 70 
mm of the follower, determine theoretical maximum 
length of coupler. The distance between fixed pivots 
of crank and followers is 

(a) 95 mm 

(b) slightly less than 95 mm 

(c) slightly more than 95 mm 


(b) two binary joints 
(d) four binary joints 


(d) 45 mm (e) none of the above. 
114. In above example, the minimum length of the coupler 

will be 

(a) 45 mm 


(b) slightly less than 45 mm 

(c) slightly more than 45 mm 

(d) 95 mm (e) none of the above. 
115. In S.H.M., acceleration is proportional to 

(a) velocity (b) displacement 

(c) rate of change of velocity 

(d) all of the above (e) none of the above. 
116. InS.H.M., the ratio of acceleration and displacement 

'-is proportional to 
(a) frequency (w) 
(c) w? 


(e) Jo . 


117. In 8.H.M., the velocity vector w.r.t. displacement 


(b) © 
(d) 1/w? 


vector 

(a) leads by 90° (b) lags by 90° 
(c) leads by 180° (d) are in phase 
(e) could be anywhere. 


118. A body having moment of inertia of 30 kg m? is 
rotating at 210 RPM and meshes with another body 


at rest having M.I. of 40 kg m2. Th 
after meshing will be ° nee 


(a) 90 RPM 

(c) 80 RPM 

(e) none of the above. 
119. Inertia force acts 


n ) perpendicular to the accelerating force 

(b) along the direction of accelerating force 

(c) opposite to the direction of accelerating fore 
e 


(d) in any directi 

on w.r.t. ac l 
depending on the magnitude Dae i 

(e) none of the above, 


(b) 100 RPM 
(d) data are insufficient 


‘os Of 
127. Which is the false statement about the properties 


ÈR, 





120. The frequency of oscillation at moo 
earth will be 
(a) 6 times more 
(c) 2.44 times more 
(e) 36 times less. 
121. Polar moment of inertia (Ip) of a circula 
determined by suspending it by a wir 
the frequency of oscillations (f) 
(a) Ip f (b) Ine f? 


) 


(b) 6 times legs 
(d) 2.44 times legs 


o dise i toh 
ii notin 


1 1 
(c) dp 73 Ukip 


(e) none of the above. 
122. The frequency of oscillation of a bigger diame 
cylinder compared to a small cylinder inal 
cylindrical concave surface will be à 


(a) less (b) more 


(c) same 
(d) data are insufficient to determine same 
(e) none of the above. 

123. The frequency of oscillation of a cylinder inside , 
cylindrical concave surface of bigger radius compared 
to a small radius will be 
(a) less 
(c) same 
(d) data are insufficient to determine same 
(e) none of the above. 

124. If the radius of gyration of a compound pendulum 
about an axis through c.g. is more, then its frequency 
of oscillation will be 
(a) less 
(c) same 
(d) data are insufficient to determine same 
(e) none of the above. 

125. A body of mass m and radius of gyration ‘k’ is to be 
replaced by two masses m, and m, located at 
distances h, and h, from the c.g. of original body. 
These will be kinetically equivalent to original body 


(6) more 


(6) more 


if | 

(a)h, +h =k (b) h2 + h2 =k? 

(c) h,h, = h? (d) Mtia - L l} 
(e) k = h hg. 


126. The Bifilar suspension method is used to determin 
(a) natural frequency of vibration 
(b) position of balancing weights 
(c) moment of inertia 
(d) centripetal acceleration 
(e) angular acceleration of a body. 


instantaneous centre ? rigid 

(a) at the instantaneous centre of rotation, 00° ef 
link rotates instantaneously relative to an ‘ 
for the configuration of mechanism cons! af 

(b) the two rigid links have no linear veloc 
lative to each other at the instantaneous í 
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(c) the two rigid links which have no linear velocity 
relative to each other at this centre have the 
same linear velocity to the third rigid link 

(d) the double centre can be denoted either by O 
O,,, but proper selection should be made 

(e) none of the above. 

128. Instantaneous center of rotation of a link in a four 
bar mechanism lies on 

(a) right side pivot of this link 

(b) lift sides pivot of this link 

(c) a point obtained by intersection on extending 
adjoining links 

(d) can’t occur 


A Ra 


(e) none of the above. 


129. The total number of instantaneous centres for a 
mechanism ofn links is 


(a) ua Oa 
(c)n-1 (d) > 
(e) n(n — 1). 


130. The number of links and instantaneous centres in a 
reciprocating engine mechanism are 


(a) 4, 4 (b) 4,5 
(c) 5, 4 (d) 6, 4 
(e) 4, 6. 


131. According to Kennedy’s theorem, if three bodies have 
plane motions, their instantaneous centres lie on 
(a) a triangle (b) a point 
(c) two lines (d) a straight line 
(e) a curve. 
132. In a rigid link OA, velocity of A w.r.t. O will be 
(a) parallel to OA (b) perpendicular to OA 
(c) at 45° to OA (d) along AO 
(e) along OA. 
133. Two systems shall be dynamically equivalent when 
(a) the mass of two are same 
(b) c.g. of two coincides 
(c) M.I. of two about an axis through c.g. is equal 
(d) all of the above (e) none of the above. 
134. A link is rotating about O. Velocity of point P on link 
w.r.t. point Q on link will be perpendicular to 
(a) OP (b) OQ 
(c) PQ 
(d) line in between OP and OQ 
(e) none of the above. | 
135. The velocity of any point in mechanism relative to 
any other point on the mechanism on velocity polygon 
is represented by the line 
(a) joining the corresponding points 
(b) perpendicular to line as per (a) 
(c) not possible to determine with these data 
(d) at 45° to line as per (a) 
(e) none of the above. . 
186. The absolute acceleration of any point P in a link 
about centre of rotation O is 


137. 


138. 


139. 


140. 


141. 


142. 


143. 


144. 
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(a) along PO 

(c) at 45° to PO 

(e) none of the above. 

Angular acceleration of a link can be determined by 

dividing the 

(a) centripetal component of acceleration with 
length of link 

(b) tangential component of acceleration with 
length of link 

(c) resultant acceleration with length of link 

(d) all of the above 

(e) none of the above. 

Corioli’s component of acceleration exists whenever 

a point moves along a path that has 

(a) linear displacement (b) rotational motion 

(c) tangential acceleration 

(d) centripetal acceleration 

(e) none of the above. 


(b) perpendicular to PO 
(d) along OP 


The direction of Corioli’s component of acceleration 
is the direction 

(a) of relative velocity vector for the two coincident 

points rotated by 90° in the direction of the 
angular velocity of the rotation of the link 

(b) along the centripetal acceleration 

(c) along tangential acceleration 

(d) along perpendicular to angular velocity 

(e) none of the above. 

In a shaper mechanism, the Corioli’s component of 
acceleration will 

(a) not exist (b) exist 

(c) depend on position of crank 

(d) unpredictable (e) none of the above. 

The magnitude of tangential acceleration is equal to 
(a) velocity? x crank radius 

(b) velocity?/crank radius 

(c) (velocity/crank radius)? 

(d) velocity x crank radius? 

(e) none of the above. 
Tangential acceleration direction is 

(a) along the angular velocity 

(b) opposite to angular velocity 

(c) may be any one of these 
(d) perpendicular to angular velocity 

(e) none of the above. 
The magnitude of the Corioli’s component of 
acceleration of a slider moving at velocity V on a link 
rotating at angular speed @ is 
(a) Vo (b) 2V 


Vw 


2V | 

(c) — (d) P | 

| 

(e) none of the above. | | l 

In a rotary engine the angular velocity of the ee 

centre line is 25 rad/sec and the relative pane o : l 
point on the cylinder centre line w.r.t. cylinder 1 


10 m/sec. Corioli’s acceleration will be 
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146. 


147. 


148. 


149. 


150. 


151. 
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(a) 500 m/sec? (b) 250 m/sec? , 
(c) 1000 m/sec? (d) 2000 m/sec 
(e) unpredictable. 


Corioli’s component is encountered in 

(a) quick return mechanism of shaper 

(b) four bar chain mechanism 

(c) slider crank mechanism 
(d) (a) and (c) above 

(e) all of the above. 
Klein’s construction gives a graphical construction 
for 

(a) slider-crank mechanism 

(b) velocity polygon (c) acceleration polygon 
(d) four bar chain mechanism 

(e) angular acceleration. 

The velocity of a slider with reference to a fixed point 
about which a bar is rotating and slider sliding on 
the bar will be 

(a) parallel to bar (b) perpendicular to bar 
(c) somewhere in between above two 

(d) unpredictable (e) none of the above. 
Klein’s construction can be used to determine 
acceleration of various parts when the crank is at 
(a) inner dead centre (6) outer dead centre 

(c) right angles to the link of the stroke 

(d) at 45° to the line of the stroke 

(e) all of the above. 


The number of dead centres in a crank driven slider 
crank mechanism are 


(a) 0 


(b) 2 
(c) 4 (d) 6 
(e) may be any number depending upon position of 
mechanism. 


Corioli’s component acts 

(a) perpendicular to sliding surfaces 

(b) along sliding surfaces 

(c) somewhere in between above two 

(d) unpredictable (e) none of the above. 

The sense of Corioli’s component is such that it 

(a) leads the sliding velocity vector by 90° 

(b) lags the sliding velocity vector by 90° 

(c) is along the sliding velocity vector 

(d) leads the sliding velocity vector by 180° 

(e) none of the above. ` 

Klein’s construction can be used when 

(a) crank has a uniform angular velocity 

(b) crank has non-uniform velocity 

yi crank has uniform angular acceleration 

O ecleraaoen™ angular velocity and angular 

(e) there is no such criterion. 

Klein’s constructio 

(acceleration aa parta 

(c) displacement $ A 
various parts 


(d) angular accelerati 
at l 
(e) all of the above, — pas 


n 1S useful to determine 
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l Riig 
A circle passing through the pitch 


centre at the centre of cam axis is kn 
(a) pitch circle 
(c) prime circle 
(e) cam circle. 


own as 
(b) base circle 


(d) outer circle 





h It 


The pressure angle of a cam depends upon 
(a) offset between centre lines of cam an d 
(b) lift of follower | 
(c) angle of ascent | 
(d) sum of radii of base circle and roller follo | 


follow, 


Wer 
(e) all of the above. 
Cam size depends upon 
(a) base circle (b) pitch circle 
(c) prime circle (d) outer circle 
(e) none of the above. 
Cylindrical cams can be classified as 
(a) circular (b) tangent : 
(c) reciprocating (d) all of the above | 


(e) none of the above. | 


The maximum value of the pressure angle in case ¢f 
cam is kept as 


(a) 10° (b) 14° 
(c) 20° (d) 30° 
(e) 25°. 


For the same lift and same angle of ascent, a smaller 
base circle will give 

(a) a small value of pressure angle | 
(b) a large value of pressure angle | 
(c) there is no such relation with pressure angle 

(d) something else | 
(e) none of the above is true. | 


Cam angle is defined as the angle pr 
(a) during which the follower returns to its imtë 
position 


(b) of rotation of the cam for a definite displacement 
of the follower i 


(c) through which the cam rotates during the ae 
in which the follower remains in the hig 


position 
(d) moved by the cam from the instant the fol 
begins to rise, till it reaches its highest ee 
(e) moved by the cam from beginning of asce” 
the termination of descent. 
Angle of descent of cam is defined as the ang! 
(a) during which the follower returns t0 ne 
position pme 
(b) of rotation of the cam for a definite disP “i 
of the follower peri | 
(c) through which the cam rotates during ete | 
in which the follower remains i? 
position Pi 
(d) moved by the cam from the instant th? giti” 
begins to rise, till it reaches its high scet P 
(e) moved by the cam from beginning ° 
the termination of descent. 


Jowel 
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m 


>. 
> 
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Ca 
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ko 
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162. Angle of action of cam is defined as the 

(a) during which the follower returns 
position 

(b) of rotation of the cam for a definit 
of the follower 

(c) through which the cam rotates du 
in which the follower remains 
position 

(d) moved by the cam from the instant the follower 
begins to rise, till it reaches its highest position 

(e) moved by the cam from beginning of ascent to 
the termination of descent. 

Angle of dwell of cam is defined as the angle 

(a) during which the follower returns to its initial 
position 

(b) of rotation of the cam for definite displacement 
of the follower 

(c) through which the cam rotates during the period 
in which the follower remains in the highest 
position 

(d) moved by the cam from the instant the follower 
begins to rise, till it reaches its highest position 

(e) moved by the cam from a beginning of ascent to 
the termination of descent. 

Angle of ascent of cam is defined as the angle 

(a) during which the follower returns to its initial 
position 

(6) of rotation of the cam for a definite displacement 
of the follower 

(c) through which the cam rotates during the period 
in which the follower remains in highest 
position 

(d) moved by the cam from the instant the follower 
begins to rise, till it reaches its highest position 

(e) moved by the cam from beginning of ascent to 
the termination of descent. 


angle 
to its initia] 


e displacement 


ring the period 
in the highest 


163. 


164. 


165. The angle at any point on the pitch curve of the cam 
included between the normal to that point on the 
curve and line of motion of the follower at that instant 
is known as 
(a) cam angle (b) profile angle 
(c) pressure angle (d) dwell angle 
(e) prime angle. 

166. For S.H.M. cam, the acceleration of the follower at 
the ends of the stroke and at mid-stroke respectively, 
is 
(a) maximum and zero (b) zero and maximum 
(c) minimum and maximum 
(d) zero and minimum 
(e) maximum and minimum. 

167, Throw of a cam is the maximum distance of the 
follower from 
(a) base circle (b) pitch circle 
(c) root circle (d) prime circle 
(e) inner circle. 

168, For simple harmonic motion of the cam follower, a 


cosine curve represents 


169. 


170. 


171. 


172. 


173. 


174. 


175. 





(a) displacement diagram 

(b) velocity diagram 

(c) acceleration diagram 

(d) all of the above 

(e) none of the above. 

Pitch point on a cam is 

(a) any point on pitch curve 

(b) the point on cam pitch curve having the 
maxımum pressure angle 

(c) any point on pitch circle 

(d) the . point on cam pitch curve having the 
minimum pressure angle 

(e) none of the above. 

In the scotch yoke mechanism, Corioli’s component 

is 

(a) involved (6) not involved 

(c) possible in some position 

(d) a rare possibility (e) unpredictable. 


In a cam follower motion, jerk is expressed by 
(a) of (b) of 

(c) oft (d) Ty 

(e) A ; 


A rotating mass having moment of inertia of 30 kgm? 
rotates at 800 rpm and is travelling in a curve of 170 
metres radius at a speed of 240 km/hr. It will 
experience a gyroscopic reaction of 

(a) 10 m kg, (b) 100 m kg, 

(c) 1,000 m kg, (d) 10,000 m kg, 

(e) none of the above. 

A cam in which the follower reciprocates or oscillates 
in a plane parallel to the axis of the cam is known as 
(a) cylindrical cam (b) circular cam 

(c) reciprocating cam (d) tangent cam 

(e) none of the above. 

In the case of flat pivot bearing, the frictional force 
in case of uniform pressure can be assumed to be 
acting at 


1 
(a) =r (b) 9° 

3 
(c) Žr (d) a 
(e) Žr, 


In the case of flat pivot bearing, the frictional force 
in case of uniform wear can be assumed to be acting 


at 


2 1 
(a) 3. (b) 9” 
3 
3 kat 
© 3" a) er 
(e) Žr, 


MA 
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176. 


177. 


178. 


179. 


180. 


181. 


182. 


183. 


ing, the frictional force 


In the case of flat collar ooa can be assumed to be 


in case of uniform pressure 


acting at 
1 Ath 
2 r-r (b) =x +4 
(a) cS nen 2 2 
2(re-7 aae + ro) 
2| 4 a 
(c) ae =) 2 


(e) none of the above. | E 
In the case of flat collar pivot bearing, the frictiona 
force in case of uniform wear can be assumed to be 
acting at 


2r- (b) =x Oth 
3 yl 2 2 


2 ri -rs 
3l r2— 72 
1 2 


(e) none of the above. 

Rope brake dynamometer uses 

(a) oil as lubricant (b) water as lubricant 
(c) grease as lubricant (d) no lubricant 

(e) special lubricant. 

The most commonly used dynamometer for tests in 
the laboratory is 

(a) rope brake dynamometer 

(6) prony brake dynamometer 

(c) froude water vortex dynamometer 

(d) amsler dynamometer 

(e) electrical load. 


(a) 





1 
(d) zi +T) 


The following dynamometer is used for power 
measurement when the speed is high and the viscous 
force is small 


(a) tesla fluid friction dynamometer 

(b) froude water vortex dynamometer 

(c) rope brake dynamometer 

(d) amsler dynamometer 

(e) belt transmission dynamometer. 

For large ranges of power and speed and for accurate 


measurement of the power, the following dynamo- 
meter is used 


(a) tesla fluid friction dynamometer 

(b) froude water vortex dynamometer 

(c) rope brake dynamometer 

(d) amsler dynamometer 

(e) belt transmission dynamometer. 

The following dynamometer is widely used for 


absorption of wide range of powers at wide range of 
speeds 


(a) hydraulic 
(c) rope brake 
(e) torsion. 


For measuring powers of machin 
and comparatively low outputs 
meter is used 

(a) tesla fluid friction dynamometer 
(b) electric generator dynamometer 
(c) belt transmission dynamometer 


(6) belt transmission 
(d) electric generator 


es having high speed 
» following dynamo- 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


191, 


ae 
. 


MECHANICAL me 
3 


(d) rope brake dynamometer ly F 
(e) froude water vortex dynamometer. 
Which of the following is transmissig 
meter ? 
(a) rope brake 
(c) prony brake 
(d) hydraulic dynamometer 
(e) none of the above. 
The following type of dynamometer is Used yh 
is desired to measure the large powers of th eni 
turbine propelling the naval ship 
(a) epicyclic train dynamometer 
(b) torsion dynamometer 
(c) electrical dynamometer 
(d) belt transmission dynamometer 
(e) amsler dynamometer. 
The brake commonly used on train boggies js 
(a) internal expanding (b) band brake 
(c) band and block brake (d) shoe brake | 
(e) electric brake. | 
Pick up the wrong statement. A flywheel 
(a) is used to limit the inevitable fluctuation of 
speed during each cycle 
(6) controls the mean speed of rotation 
(c) stores up energy and gives up whenever 
required 
(d) regulates the speed during one cycle of a prime | 
mover 
(e) absorbs energy when turning moment is greater | 
than the resisting moment. | 
| 


The radius of gyration of a disc type flywheel oY 
diameter D is | 





Or 


| 

e Stea | 
| 

Í 


f 
| 
j 


(a) D (b) D/2 
3 | 
(c) D/ 4 (d) —D 
/2 
(e) 2p 
sods of 
A flywheel absorbs energy during those periods’ 


; ater 
crank rotation when the turning moment 1s pr 


than the resisting moment. The absorption !$ | 
(a) at constant speed | 
(b) accompanied by increase in speed | 
(c) accompanied by decrease in speed 

(d) possible at all speeds . opeet | 
(e) not concerned with increase/decrease in $P ie | 


gs V 
The contact angle in tapered roller bearing’ 
between 


(a) 2-5° (b) 12-16° | 
(c) 5—10° (d) 28-30° | 
(e) 30-402, oll | 
For heavy thrust, the contact angle in taP nis 
bearings varies between 

(a) 28-30° (b) 5-10° 

(c) 2-5° (d) 15-20° 

(e) 30—40° . 
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In a well greased ball bearing, the coefficient of 
friction may be 
(a) 0.01 to 0.1 
(c) 0.25 to 0.35 
(e) 0.5 to 0.65. 
Fluctuation of energy of an engine is the 
(a) variation of energy above and below the mean 
resisting torque line 
(b) ratio of maximum and minimum energies 
(c) difference between the maximum and minimum 
energies 
(d) ratio of the maximum fluctuation of energy to 
the work done per cycle 
(e) ratio of maximum fluctuation of speed to the 
mean speed. 
194. Maximum fluctuation of energy is the 
(a) variation of energy above and below the mean 
resisting torque line 
(b) ratio of maximum and minimum energies 
(c) difference between the maximum and minimum 
energies 
(d) ratio of the maximum fluctuation of energy to 
the work done per cycle 
(e) ratio of maximum fluctuation of speed to the 
mean speed. 
195. Coefficient of fluctuation of energy is the 
(a) variation of energy above and below the mean 
resisting torque line 
(b) ratio of maximum and minimum energies 
(c) difference between the maximum and minimum 
energies 
(d) ratio of the maximum fluctuation of energy to 
the work done per cycle 
(e) ratio of maximum fluctuation of speed to the 
mean speed. 
196. Coefficient of fluctuation of speed is the 
(a) variation of energy above and below the mean 
resisting torque line 
(6) ratio of maximum and minimum energies 
(c) difference between the maximum and minimum 
energies 
(d) ratio of the maximum fluctuation of energy to 
the work done per cycle 
| (e) ratio of maximum fluctuation of speed to the 
mean speed. 
97, Maximum fluctuation of energy in a flywheel is 
(a) mass M.I. of flywheel x (mean angular speed x 
difference of maximum and minimum speed) 
(b) mass M.I. of flywheel x (mean angular speed) x 
co-efficient of fluctuation of speed 
(c) 2 x maximum fluctuation of energy x co-efficient 
_ ___ Of fluctuation of speed 
3 (d) all of the above 
y (e) none of the above. 
$ 8. In the rim type of flywheel, the major mass is 
E (a) concentrated around the periphery 
_ 6) concentrated at the centre 


' 192. 
(b) 0.1 to 0.25 
(d) 0.35 to 0.5 


193. 






199. 
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203. 


204. 


205. 


206. 


207. 
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(c) contributed due to arms 

(d) ineffective 

(e) balanced by centripetal forces. 

The supply of working fluid to the engine to suit the 
load conditions is controlled by 

(a) Meyer’s expansion valve 

(b) D-slide valve (c) flywheel 

(d) governor (e) throttle valve. 

The speed variations of the engine caused by the 
fluctuation of engine turning moment are controlled 
by 

(a) Meyer’s expansion valve 

(b) D-slide valve (c) flywheel 

(d) governor (e) throttle valve. 

For same lift of sleeve, range of speed of Proell 
governor as compared to Porter governor is 


(a) less (0) more 
(c) equal (d) half 
(e) double. 


In a Hartnell governor, if the stiffness of spring is 
increased, governor will become 

(a) more sensitive (b) less sensitive 

(c) hunting (d) isochronous 

(e) sensitivity remains unchanged. 

The governor used in gramophone is of the following 
type 

(a) Pickening 
(c) hartnell 
(e) hartung. 
For a governor running at constant speed, the force 
acting on the sleeve is 

(a) constant (b) minimum 

(c) maximum (d) zero 

(e) variable depending on the load. 

Hartnell governor could be classified under the head of 
(a) inertia type governors 

(b) pendulum type governors 

(c) centrifugal type governors 

(d) dead weight type governors 

(e) none of the above. 

A porter governor could be classified as 

(a) inertia type governor 

(b) pendulum type governor 

(c) centrifugal type governor 

(d) dead weight type governor 

(e) none of the above. 

A watt governor could be classified as 

(a) inertia type governor 

(b) pendulum type governor 

(c) centrifugal type governor 

(d) dead weight type governor 

(e) none of the above. 

The quality of a governor can be judged by its 

(a) stability (b) sensitivity 

(c) effort and power (d) all of the above 

(e) none of the above. 
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215. 


216. 


217. 


Sensitiveness of governor is defined as 
mean speed 


range of speed 
range of speed 


(a) 


mean speed 
(c) mean speed x range of speed 
2 x mean speed (e) Tange of speed 


range of speed 2 x mean speed 

Which of the following is spring controlled governor ? 

(a) Hartnell (b) Hartung 

(c) pickering (d) Wilson-hartnell 

(e) all of the above. 

The function of a governor is to 

(a) store energy and give up whenever required 

(b) regulate the speed during one cycle of a prine 
mover 

(c) decrease variation of speed 

(d) increase variation of speed 

(e) adjust variation of speed by varying the input to 
the engine. 

The height of Watt’s governor is proportional to 

(a) speed (N) (b) N2 

(c) 1/N (d) 1/N? 


(e) JN . 

Centrifugal type governor is preferred to the inertia 

type governor because 

(a) former has low initial cost 

(b) former consumes no power 

(c) latter results in difficulties of balancing inertia 
forces 

(d) latter has less controlling force 

(e) latter is highly sensitive type. 

If the controlling force of a governor increases with 

increase in speed, the governor is said to be 

(a) sensitive (b) insensitive 

(c) isochronous (d) powerful 

(e) unstable. 

If the controlling force of a spring controlled governor 

decreases with increase in radius of rotation then 

governor is said to be 

(a) sensitive 

(c) isochronous 

(e) unstable. 

Practically the sensitiveness of Watt and Porter 

governor are 

(a) same 

(c) double 

(e) none of the above. 

The term “effort of governor” refers to 

(a) centrifugal force of balls 

(b) useful power developed 


(c) force acting on sleev i 
e for given % 
i given % change of 
(d) minimum force re 
of speed 
(e) none of the above. 


(b) insensitive 
(d) powerful 


(b) half 
(d) 4 times 


quired on sleeve for % change 
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The speed range suitable for Watt’, me 
(a) 20 to 50 rpm (b) 60 to g0 i 
(c) 80 to 125 rpm (d) 125 to 250 i 

(e) 250 to 500 rpm. u 
For spring controlled governors the con 





t ; 
curve would be roliet, 
(a) straight line (b) circle 
(c) parabola (d) hyperbola 


(e) unpredictable. 

If the controlling force line for a Spring contr, 
governor when produced intersects the Y-axis hs | 
origin, then governor is said to be le 
(a) stable (b) unstable 

(c) isochronous (d) sensitive 

(e) powerful. 

For isochronous, spring controlled governo the 
controlling force with increase in radius of rotgti, 
(a) increase (b) decreases | 
(c) remains constant 

(d) behaves in unpredictable way 

(e) may increase or decrease depending on size. 
If be the angle of friction for a square threaded 


screw, then maximum efficiency of the screw-jack 
will be 





(a) Leen h (b) Seg 
sin > 1+sin > 
(c) oe (d) 1-sino 
(ce) Sino 
1—sin 6 


In above problem, maximum efficiency of sore | 
for square threads will occur when the ang" 
threads is equal to 


) 

(a) o/2 (b) 3 2 

tT o Tt 
(c) 475 (d) z —9 
(e) = 4+ A | 

4 2 ae pave | 
The maximum efficiency of a screw r be 
square threads and friction angle of 30°" 
(a) 11% (b) 22% 
(c) 30% (d) 33% 
(e) 50%. 
For a machine to be self-sustaining 
(a)a=6 (b)a>9 
(cha<o (d) unpredictable 
(e) none of the above. 
where, œ= slope of threads ; 

= angle of friction. aye ti 

Which of the following clutches is posit 
(a) cone (b) disc 
(c) jaw (d) centrifug? 
(e) hydraulic. 
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927. Which of the following is not a flexible coupling ? 
(a) universal (6) bushed pin 
(c) muff (d) Oldham’s 
(e) none of the above. 
228. The moment of friction with assumption of uniform 
pressure compared to uniform wear is 
(a) same (b) greater 
(c) lower (d) could be anything 
(e) none of the above. 
229. Length of cross belt, in addition to centre length, 
depends 
(a) only on the sum of the radii of pulleys 
(b) on the sum and difference of the radii of the 
pulleys 
(c) square of difference of radii of the pulleys 
(d) square of sum of radii of pulleys 
(e) none of the above. 


230. The coefficient of friction between pulley and belt is 
reduced by 50%. If initial ratio of tension in belt was 
5 then new value will be 


(a) 5 
(c) 10 
(e) none of the above. 
231. Length of open belt, in addition to centre length, 
depends 
(a) only on the sum of the radii of pulleys 
(6) on the sum and difference of the radii of the 
pulleys 
(c) square of difference of radii of pulleys 
(d) square of sum of radii of pulleys 
(e) none of the above. 
232. Abbreviation P.I.V. drive stands for 
(a) positive, infinitely variable drive 
(b) positive, independently variable drive 
(c) purely, incremental variable drive 
(d) purely, integral variable drive 
(e) all of the above. 
233. The centrifugal tension in belts 
(a) reduces power transmission 
(b) increases power transmission 
(c) does not affect power transmission 
(d) increases power transmission upto certain speed 
and then decreases 
(e) none of the above. 
234, The belting can transmit maximum power when 
maximum total tension in belt equals 
(a) twice the centrifugal tension 
(b) thrice the centrifugal tension 
(c) four times the centrifugal tension 
(d) centrifugal tension 
(e) half the centrifugal tension. | 
235. Pitching of a ship produces forces on the bearings 
(a) in the direction of motion of ship 
(b) which act horizontally perpendicular to the 
motion of ship 
(c) in the plane of the pitching 


(b) 2.5 
(d) 1.25 


236. 


237. 


239. 


240. 


241. 


242. 
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(d) which act along the axis of the bearings 

(e)which can be resolved into all the three 
components. 

In the case of gyroscopic effect, the planes of spin, 

gyroscopic couple and precession are 

(a) in same plane (b) in different planes 

(c) any two in perpendicular planes and third in 
different plane 

(d) mutually perpendicular 

(e) unpredictable. 

It is possible to obtain unity velocity ratio at every 

instant in double Hooke’s joint, if 

(a) axes of driving and driven shafts are in same 
plane 

(b) axes of driving and driven sliafts are in different 
planes 

(c) intermediate shaft makes equal angles with 
driving and driven shafts 

(d) (a) and (c) (e) (b) and (c). 


. The contact surfaces in a single plate clutch are 


usually lined with leather, cork etc. in order to 

(a) enable quick replacement of worn parts 

(b) increase friction force 

(c) increase power transmitted 

(d) reduce slip (e) none of the above. 
The maximum permissible velocity of the belt is given 


by 
(b) J2Tg/3w 


(a) /Tg/3w 
(c) /3Tg/2w (d) J3Tg/w 


(e) /T/3wg . 


where, T = maximum tension 

w = weight per metre length of belt. 

The power transmitted by a belt is maximum when 
the maximum tension in the belt compared to 
centrifugal tension is 
(a) 2 times 

(c) 4 times 

(e) 3.5 times. 

Initial tension in belts, when stationary, is 


and 


(b) 3 times 
(d) 2.5 times 


(a) T; (b) T, ; 
(e) T+T, (q) A+ li 
(e) T, -T,. ` 


Can simple band brake be made self-energising type 
(a) yes (b) no 

(c) with lot of sophistication 

(d) it may not be economical 

(e) none of the above. 


Which is false statement about flywheel ? 

(a) flywheel smoothens the cyclic fluctuation of 
speed when delivering constant output h.p. 

(b)it has no influence on the mean speed of the 
prime mover 

(c) it takes care of output fluctuations and controls 
input accordingly 
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(d) it has no influence over the varying load demand 
on prime mover 
(e) it several times acts as pulley. 


244. Which is false statement above governor ? | 
(a) it has no influence on mean speed of the prime 
mover 
(b) it has no influence over the cyclic s 
fluctuation 
(c) it adjusts supply energy of prime m 
varying output 
(d) it Sls mean speed over a period for output 
load variations by manipulating input energy 
(e) it usually employs centrifugal force type speed 
sensors. 

245. The frictional torque transmi 
pivot bearing assumıng un! 
comparison to assumption of uniform we 
(a) same (b) more 

(c) less 
(d) more or less depending on 
(e) unpredictable. 


246. If T, and T,be the tensions in kg on tight and slack 
sides of a belt and v be its velocity in m/sec, then h.p. 


transmitted is equal to 


peed 


over with 


tted in a conical or flat 
niform pressure 1n 
ar 1s 


load to be transmitted 


(Tı — Ty) uv (b) Tiv 
(a) “7500 75 

(T, — T)v d (T, — T,)v 
(c) = (d) 5500 
(e) (Ti — T,)v 

3300 
247. The ratio of number of teeth and pitch circle diameter 

is called 
(a) pitch (6) circular pitch 
(c) diametral pitch (d) module 
(e) addendum. 


248. Which of the following does not change with the 
conditions of the mating gears ? 
(a) pitch circle diameter 
(b) base circle (c) pressure angle 
(d) all of the above (e) none of the above. 


249. The circle passing through the bottom of the teeth of 
gear is known as 


(a) inner circle 
(c) base circle 
(e) dedendum circle. 
250. Pitch circle diameter of an involute gear is 
(a) independent of any other element 
(6) dependent of pressure angle 
(c) constant for a set of meshing gears 
(d) proportional to base diameter 


(e) most important element when manufacturing a 
gear. 





(b) prime circle 
(d) addendum circle 


251. Intermediate gears are used for 
(a) obtaining rotation in desired direction 
(6) reducing the size of the individual gear 
(c) bridging the gap between the first and last 
wheels of the train 


252. 


253. 


254. 


255. 


256. 


257. 


258. 


259. 


260. 


261. 


MECHANICAL ENGINEERING i 


auxiliaries incidental to the main drive 
f the above. 
gear, the normal to the involute i 


(d) driving 
(e) any one © 
In an involute 


tangent to the | 
(a) pitch circle (b) base circle 
(c) addendum circle (d) dedendum circle 


(e) average of addendum and dedendum circles. 
idered to be medium velocity type jp 


are cons a 
Het peripheral velocity lies in the range of 
(a) 1-3 m/sec fo octagon 


(e) 15-25 m/sec (d) 25-50 m/sec 


(e) none of the above. 


The surface of the gear tooth below the pitch surface 


is called 
ttom tooth (b) face 
ie (d) dedendum portion 


(e) tooth depth. 

Which is correct ? 

(a) inv (6) = tan ġ-9 

(c) inv (g) = tano-1 

(e) inv (9) = 1 — tan 9 

The transverse section of a helical gear is identical to 

(a) bevel gear (6) spur gear 

(c) worm gear (d) all of the above 

(e) none of the above. 

According to law of gearing 

(a) teeth should be of involute type 

(b) clearance between mating teeth should be 
provided 

(c) dedendum should be equal to 1.157 m 

(d) teeth should be of cycloidal type 

(e) none of these. 

Bevel gears are used to transmit rotary motion 

between two shafts whose axes are 

(a) parallel (b) non-intersecting 

(c) non-coplanar (d) any of the above 

(e) none of the above. 

Which is incorrect statement about gears ? 

(a) pitch circle is always bigger than base circle 

(6) angular velocity ratio is inversely proportional 
to radius of base circle from which the involute's 
generated 

(c) addendum is bigger than dedendum 

(d) PCD = module x No. of teeth 

(e) dedendum is bigger than addendum. 

ee sigh be the pitch circle diameter and n0. of 

gear, then its circular pitch p = 


(b) inv () = tan (9-1) 
(d) inv () = ġ — tan 6 


(a) DIT (b) T/D 
T 
(c) E (d) r2 
(e) 1D 
oT 


a = friction angle and a is shaft angle the? 
aximum efficiency of spiral gears is 


(a) A++ cos (&-¢)-1 
cos (% — ) +1 osal 


A 
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263. 


264. 


265. 


266. 


267. 


268, 


NISMS AND MACHINES 


cos (& + >) 

cos (& — >) 

sin (a+)+1 
e sin (a-o)+1 
Law of gearing is satisfied if 

(a) two surfaces slide smoothly 

(b) common normal at the point of contact passes 
through pitch point on the line joining the 
centres of rotation 


(d) cos(a- ¢)+1 


ý cos (4+) +1 


PCD 
module 
(d) addendum is greater than dedendum 
(e) none of the above. 
If D, and T, be the diameter and no. of teeth of gear 
1 and D, and T, the corresponding values of other 
gear in mesh, then speed ratio N /N, will be equal to 


(c) number of teeth = 


(a) D,/D, (6) T,/T, 
D; T D, 
— x d) —2 

(c) Dy T, (d) D, 

(e) A x at 
D T 


The path of contact in involute gears is 

(a) a straight line (b) involute path 

(c) curved line (d) circle 

(e) cycloidal. 

The distance measured parallel to the axis to 
represent the distance advanced by each tooth per 
revolution is known as 


(a) pitch (b) axial pitch 
(c) normal pitch (d) base pitch 
(e) lead. 


The pressure angle for involute gears is 
(a) variable 
(b) always constant 
(c) dependent on type of meshing 
(d) dependent on size of teeth 
(e) never constant. 
The centre distance between two meshing involute 
gears is 
sum of base circle radii 
cos (pressure angle ġ) 
(b) Sum of base circle diameters 
cos o 

(e) Sum of base circle radii 

sin > 
(a) Sum of pitch circle radii 

cos o 
(e) Sum of outer circle radii 

cos > 
Contact ratio for gears is the ratio of length of arc of 
contact and the 
(a) circular pitch 
(e) sin ọ 
(e) 1 — cos 9. 


(a) 


(b) cos (pressure angle 6) 
(d) tan o 


269. 


270. 


271. 


272. 


273. 


274. 


275. 


276. 


277. 





Dedendum circle diameter is the product of cos ọ and 

(a) pitch circle diameter (b) base circle diameter 

(c) addendum circle diameter 

(d) length of arc of contact(e) contact ratio. 

For a cycloidal tooth profile, pressure angle at 

(i) commencement of engagement, (ii) pitch point and 

at (iii) end of engagement will be 

(a) constant (6) zero, maximum, zero 

(c) max., zero, max, (d) max., zero, zero 

(e) zero, zero, max. 

Which is false statement about the properties of 

involute profile ? 

(a) the shape of involute profile is dependent only 
on the dimensions of base circle 

(b) the angular velocity ratio when two involutes 
are in mesh, is directly proportional to the size of 
the base circles 

(c)involute is the only tooth from that is not 
sensitive to centre distance of their base circles 

(d) basic rack for involute tooth profile has straight 
line form 

(e) involute profile is generated by the locus of a 
point on a thread unwound from a cylinder. 

The gear train in which the first and last gear are 

on the same axis, is known as 

(a) uniaxial gear train (b) simple gear train 

(c) compound gear train 

(d) epicyclic gear train (e) reverted gear train. 

In involute teeth, normal to the involute is tangent 

to 

(a) the pitch circle (b) the base circle 

(c) the pitch circle diameter 

(d) tooth profile (e) pitch point. 


The minimum number of teeth on a gear with 144° 
pressure angle will be 


(a) 11 (b) 17 
(c) 25 (d) 32 
(e) 42. 


Mittre gears are used for 

(a) great speed reduction 

(b) transmitting motion between two intersecting 
shafts 

(c) equal speed 

(d) minimum axial thrust 

(e) minimum backlash. 

The difference between dedendum and addendum is 

known as 


(a) backless (b) clearance 
(c) flank (d) tooth space 
(e) module. 


Larger pressure angle results in 
(a) wider base and stronger teeth 
(b) weaker teeth 

(c) little pulsating motion 

(d) bigger size of gear 

(e) smaller size of gear. 


| 


am 
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278. The contact ratio or engagement factor in case of 


gears should be 
(a) less than 1 
(c) 1.3 to 1.5 
(e) 2.0 to 2.5. 
279. Which of the following is not the gear fo 
non-intersecting shafts ? 


(b) 1 
(d) 1.8 to 2.0 


r non-parallel, 


(a) cross (b) helical 
(c) bevel (d) worm 
(e) hypoid. a 
280. The product of circular pitch and diameteral pitch 1s 
equal to 
(a) module (b) unity 
(c)n (d) 2 
T 


(e) n x module. 
281. Which is false statement about cycloid 
(a) interference exists 
(b) complex profile and less flexible 
(c) have spreading flanks 
(d) less wear 
(e) ease in transmitting pulsat 
282. Bevel gears have their teeth 
(a) straight over the wheel rim 
(b) inclined to wheel rim 
(c) curved over the wheel rim 
(d) cut on the surfaces of the frusta of cones 
(e) none of the above. 
983. Helical gears have their teeth 
(a) straight over the wheel rim 
(b) inclined to wheel rim 
(c) curved over the wheel rim 
(d) cut on the surfaces of the frusta of cones 
(e) none of the above. 
284, Which is false statement about involute gears ? 
(a) pressure angle varies from zero at pitch to 


al gears ? 


ing loads. 


maximum at commencement and end of 
engagement 

(b) slight variation in centre distance can be 
tolerated 


(c) simple tools required for manufacture 
(d) smooth running 
(e) are most commonly used. 
285. The centre distance between involute gears is a 


function of the b s 
i ase circle radii of the meshing gears 


(a) the pressure angle 
(c) pitch circle diameter 
(d) speed 
a A p (e) nothing else. 
lle to obtain resistance agaj i 
we me Fainst wear is 


(b) No. of teeth 


lo 
(b) 143° full depth involute 


(c) 144 ° involute stub (d) 20° 


(e) 20° involute Stub. full depth involute 


287. 


288. 


289. 


290. 


291. 


292. 


293. 


294, 


MECHANICAL ENG, 7 z 
N 


For a given total arc of action, the T. “Eh, 
friction will be least when arc of approag Ste 
(a) greater than arc of recess ig ly 
(b) equal to arc of recess 

(c) less than are of recess 

(d) arc of recess has no relation with ay, > 
(e) none of the above. a 
The maximum efficiency in case of worm à 


Poroy 


wheel is Top 
go ejay 
1+sin > SIN © 
PE te Gg. 
1—sin > l- sin ọ 


(e) none of the above, 
where 6 is friction angle. 
The maximum efficiency of spiral gears with 
angle œ and pressure angle is equal to 
1+ cos (a+ 9) (b) 1— cos (a + 6) 
a T= 
1+ cos (a — 9) 1 — cos (a — 4) 
cos Q cos Q 
1+ cos 0 cos o 
in Q 
(e) Mini 
l+ sin 9 
A gear having 100 teeth is fixed and another gey 
having 25 teeth revolves around it, the centre ling 
of both gears being joined by an arm. How man 
revolutions will be made by gear of 25 teeth for one 
revolution of arm 





Shag 





(c) 


(a) 4 (b) 3 
(c) 5 (d) 6 
(e) 10. 


If the force transmitted between two meshing gears | 
is F and if the pitch circle speed is v m/mt, then hp. | 
transmitted will be | 


(a) Fv/75 (b) Fv/330 | 
(c) Fv/4500 (d) Fv/33,000 | 
(e) Fv/102. 


The interference or undercutting in involute gea" | 
can be avoided by ag | 
(a) varying the centre distance by chant | 
pressure angle | 
(6) using modified involute or composite SY “an d 
(c) increasing the addendum of small whee 
reducing it for the larger wheel 
(d) any one of the above 
(e) none of the above. ori 
The cranks of locomotives with two cy linders,” i 
to facilitate starting of locomotive in any P% 
are invariably placed the! 
(a) in same plane (b) at 90° to each “he 
(c) at 180° to each other (d) at 45° 0 p 
(e) may be placed anywhere. 
Secondary forces in reciprocating mass ° 
frame are 
(a) of same frequency as of primary forces 
(b) twice the frequency as of primary force" 


ne 
n ens 
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295. 


296. 


297. 


298. 


299. 


300. 


301. 


302. 


303. 


(c) four times the frequency as of primary forces 
(d) half the frequency as of primary forces 
(e) none of the above. 


In reciprocating engines, primary forces are 

(a) completely balanced (b) partially balanced 
(c) can’t be balanced 

(d) balanced by secondary forces 

(e) none of the above. 


In locomotives, the ratio of length of connecting rod 

to crank radius is kept very large in order to 

(a) facilitate quick starting 

(b) minimise primary forces 

(c) minimise the effect of secondary forces 

(d) achieve perfect balancing 

(e) minimise swaying couple. 

Partial balancing in locomotives results in 

(a)hammer blow, variation of tractive effort, 
swaying couple | 

(b) least wear 

(c) most smooth operation 

(d) better performance of engine 

(e) none of the above. 

A disc oscillates freely at the end of a shaft, the other 

end of which is fixed. With increase in shaft stiffness, 

the natural frequency of vibration will 

(a) increase (b) decrease 

(c) remain same (d) unpredictable 

(e) none of the above. 

Pick up the wrong statement. Viscous force required 

to cause a plate to slide over a parallel plate is 

proportional to 

(a) coefficient of viscosity of lubricant separating 


two plates 
(b) area of plate (c) velocity of sliding 
(d) lubricant thickness (e) all of the above. 
In hydrostatic bearing, pressure to lubricant is 
supplied by 


(a) external source | _ 

(b) partially external and partially from rotation 0 
journal 

(c) not supplied by external source 

(d) shaft driven pump (e) none of the above. 

Swaying couple results due to 

(a) primary disturbing force 

(b) secondary disturbing force | 

(c) partial balancing (d) use of two cylinders 

(e) hammer blow. | | 

The effect of swaying couple 1s resisted by othe 

(a) the side pressure between the flanges - 
tyres of the wheel and the inside of the ral 

(b) cylinders 

(c) dead weight on the wheels 

(d) balancing weight in the wheels 

(e) is not resisted but acts freely. 


i i ile isto 
Purpose of using differential gear 1n automobile 1 


304. 


305. 


306. 


307. 


308. 


309. 


310. 


311. 


312. 


313. 


427 





(a) control speed 
(c) help in turning 
(e) none of the above. 


In order to balance the reciprocating masses 

(a) primary and secondary forces must be balanced 
(6) primary couple must be balanced 

(c) secondary couple must be balanced 

(d) all of the above (e) none of the above. 
Partial balancing means 

(a) partially balance the revolving masses 

(b) partially balance the reciprocating masses 

(c) best balancing of engines 

(d) all of the above 

Gear box of a car utilises 
(a) compound train 

(c) epicyclic gears 

(e) none of the above. 

If a more stiff spring is used in Hartnell governor, 
then the governor will be 

(a) more sensitive (b) less sensitive 

(c) sensitivity remains unaffected 

(d) isochronous (e) none of the above. 

A spring controlled governor will be stable if the 


straight control line force curve when produced will 
intersect y-axis 


(a) at origin 

(c) above x-axis 
(d) there is no such criterion 

(e) none of the above. 

The motion of a pendulum is S.H.M. only when its 
amplitude is 

(a) small (b) large 

(c) equal to length of pendulum 

(d) may have any value (e) a particular value. 
The periodic time of a simple pendulum depends on 


(b) avoid jerks 
(d) obtain rear movement 


(e) none of the above. 


(b) simple train 
(d) complex train 


(b) below x-axis 


(a) size of bob (b) mass of bob 
(c) material of bob (d) amplitude of swing 
(e) length of pendulum. 


The period of a simple pendulum can be doubled by 

increasing the length 

(a) 2 times (b) 1/2 times 

(c) 4 times (d) 1/4 times 

(e) keeping it constant and doubling the mass of 
bob. 

The acceleration in S.H.M. is proportional to 

(a) length of pendulum 

(b) time period (c) angular velocity 

(d) displacement (e) all of the above. 

Frequency of oscillation of a compound pendulum 

having same distance between point of suspension 

and c.g. of mass as a simple pendulum will be 

(a) same (b) more 

(c) less 

(d) depends on other factors 


' (e) none of the above. 
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314. The period of oscillation in case of S.H.M. in terms 


of angular velocity w is equal to 


2 
= i 
TU 


(<2 (dp 
21 


efficiency of worm and gear wheel is 
m is the driver 
wheel is the driver 


worm or gear wheel 


315. The maximum 
(a) dependent on whether wor 
(b) dependent on whether gear 
(c) independent of whether the 
is the driver 
(d) there is no such criterion 
(e) none of the above. 
316. The natural frequency for the bea 
below figure will be 
j 


1/2 h L/2 


1 |48EIG 48EI 
sal (b) 22./— 
(a) On | FI? y 4 
1 | i F 
-A ee D a 
©) Sz | 48EI | 48E1 
1 
(e) on 


48 Elg 
he beam shown in given 


m shown in given 





—————— TT 
. 


FIt 
317. The natural frequency for t 
below figure will be 





TE ai a-t [Shs 
2n\ Fl 2r 1 FIÈ 
e 2 BE 
27 \ FI 


318. The motion of a particle from on i 
i e extremity t 
executes following number of oscillations y to other 
(a) one full oscillation 


(b) 2 oscillations (c) half oscillation 


(d) 4 oscillation 
(e) one-f Tags 
319. The critical speed depends on ourth oscillation. 
(a) mass 
(b) stiffness 


(c) mass and stiffness 


(d) mass, stiffne 
’ SS and ec a 
(e) none of the above. centricity 


MEVNANICAL ENGIN wet A 





factor which affects critical speed of a ; 

(b) span of shaf atti 

(d) all of the ahve 
e 


320. The h 
(a) eccentricity 


(c) diameter of disc 
one of the above. 


(e) n , 
321. The primary disturbing force due to in 
reciprocating parts in an engine is equal to tig m 
W 
a) © œr cos 0 (b) — o?r £0828 
d n 
W 
(c) Ww wr cos 20 (d) — wr £2828 
g = n 


(e) Ww wr sin 20. 
g 


m magnitude of the unbalanceq f 
Tee 


9. The maximu 
32 ndicular to the line of stroke is kno 
Wn 


in a line perpe 


as 
(a) swaying couple (b) hammer blow 


(c) variation in tractive effort 
(d) unbalanced force (e) resultant force. 


323. The secondary disturbing force due to inertia 
ing parts in an engine is equal to 


reciprocatl 
W 
(a) Ý œr cos 0 i) ope 
E£ g a 
W 
(c) W o?r cos 20 (d) =o 
£ 


(e) W o?r sin 20. 
& 


324. In locomotives, the effect of secondary forces is 
proportional to weight of reciprocating parts 


transferred to rotational mass at a radius of 
(a) crank radius (7) 
(b) connecting rod length (L) 
(c) r/l (d) r2/4l 
(e) r7/l. 

325. The acceleratio 
engine is equal to 


n of the piston of a reciprocating 








(a) w*r sin (sin ge 2) 
cos 20 
(b) w*r (sin gr 2) (c) œr | cos 8 2) 
n | 
2 
| cos” 20) | 
(d) w*r (co 0 + cos =) (e) wr alee 
n 
p 
326. The time period of a simple pendulum "iy | 
oscillating in water in comparison to when 0s | 
in air will be | 
(a) more (b) less 
(c) same . Jeng” 
(d) could be more or less depending upon its | 
(e) unpredictable. simp | 
327. The time for complete oscillation of wil | 
| 


pendulum when its amplitude js increas? 
(a) increase (b) decreas? 
(c) remain same 

(d) may increase or decrease dependin 
(e) unpredictable. 


g on len 
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329. 


330. 


331. 


332. 


333. 


334, 


335. 


336. 


Ifthe primary direct crank of a r 
is located at 6° anticlockwise, th 
crank will be located 
(a) 0° clockwise 

(c) 26° anticlockwise 
(e) none of the above. 
In balancing of reciprocating cylinders, the resultant 
unbalanced force will be minimum when ....__ of 
the reciprocating masses are balanced by rotating 


masses (Fill in the gap by correct answer from 
following) 


(a) full 

(c) one-quarter 
(e) one-third. 
Usually following fraction of reciprocating masses 
is balanced in case of reciprocating engines | 
(a) full (b) half 

(c) one-quarter (d) two-thirds 

(e) one-third. 

In order to facilitate the starting of locomotive in 
any position, the cranks of a locomotive with two 
cylinders are placed at following angle to each other 


©ciprocating engine 
€n secondary direct 


(b) 20° clockwise 
(d) 0° anticlockwise 


(b) half 
(d) two-thirds 


(a) 45° (b) 90° 

(c) 135° (d) 180° 

(e). 225°. 

Hammer blow occur when the c.g., of the balance 


weight is 

(a) directly above the wheel centre 

(b) directly below the wheel centre 

(c) directly above or below the wheel centre 
(d) at angle 0 

(e) perpendicular to wheel vertical plane. 
Partial balancing in locomotive results in 

(a) hammer blow 

(b) variation in tractive effort 

(c) swaying couple 

(d) all of the above 

(e) none of the above. 

Primary forces are usually balanced 

(a) fully (b) partially, half 

(c) partially, two-thirds (d) partially, one-third 
(e) partially, three-fourths. 
The principle of direct and reverse cranks 1s readily 
applicable to 

(a) primary balance 

(b) secondary balance 

(c) balancing of in-line engines 

(d) balancing of radial engines 

(e) partial primary balance. 

The effect of hammer blow can be reduced by 

(a) fully balancing the reciprocating masses 

(b) decreasing the speed . 
(c) using two or three pairs 0 

together 
(d) all of the above 
(e) (b) and (c) above. 


f wheels coupled 


337. 


338. 


339. 


340. 


ə4l. 


342. 


343. 


344. 


345. 





The value of swaying couple is maximum or 
minimum when the crank is inclined at following 
angle with the line of stroke 


(a) 135° and 45° (b) 135° and 90° 
(c) 225° and 135° (d) 225° and 90° 
(e) 225° and 45°. 


The velocity of the piston of a reciprocating engine 
is equal to 


(a) wr [cos 0 +e) (b) wr (sin 9 sin 2) 
áj n 





(c) wr (sin 0 + sin =) (d) wr (Smetane 
n n 


(e) wr (sin 0 + cos 2) 
n 


In balancing of coupled locomotive one has to consider 

following planes 

(a) two planes of cylinders 

(b) two planes of coupling rods 

(c) two planes of driving wheels containing balance 
weights 

(d) all of the above (e) none of the above. 

If damping factor in a vibration system is unity, then 

the system will be 

(a) having no vibrations 

(b) highly damped (c) under damped 

(d) critically damped (e) none of the above. 

The secondary critical speed of a shaft occurs at 

(a) twice the speed of primary critical speed 

(b) half the speed of primary critical speed 

(c) tour times the speed of primary critical speed 

(d) one-fourth the speed of primary critical speed 

(e) unpredictable. 

The shaft of a steam turbine is usually rotated at 

(a) natural frequency of vibration 

(6) much blow the natural frequency of vibration 

(c) much above the natural frequency of vibration 

(d) there is no such criterion 

(e) none of the above. 


For 20° pressure angle, minimum number of teeth 
on gear will be 


(a) 6 (b) 12 
(c) 17 (d) 20 
(e) 24. 


Maximum fluctuation of energy of a flywheel is 

proportional to 

(a) difference of maximum and minimum speed of 
flywheel 


(6)sum of maximum and minimum speeds of 
flywheel 


(c) difference of square of maximum and minimum 
speeds of flywheel 


(d)sum of square of maximum and minimum ey. 


speeds of flywheel 
(e) square of mean speed of flywheel. 
In the case of coupled wheels locomotives» the 
magnitude of hammer blow is 
Oy, 
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(a) reduced (b) increased 


(c) same 

(d) may increase/decrease depending on speed 

(e) unpredictable. 

Coefficient of fluctuation of energy is 

(a) the variation of energy above and below the 
mean resisting torque 

(b) difference between the maximum and the 
minimum energies divided by M.I. of flywheel 

(c) the ratio of the maximum fluctuation of energy 
of the work done per cycle 

(d)M.I. of flywheel multiplied by difference 
between square of maximum and minimum 
angular speeds 

(e) none of the above. 


. The fluctuation of energy in a turning moment 


diagram is 

(a) the variation of energy above and below the 
mean resisting torque 

(6) difference between the maximum and the 
minimum energies divided by M.I. of flywheel 

(c) the ratio of the maximum fluctuation of energy 
of the work done per cycle 

(d) M.I. of flywheel multiplied by difference 
between square of maximum and minimum 
angular speeds 

(e) none of the above. 

The following valve is used to vary the cut off, while 

engine is in motion without reversing facility 

(a) Meyer expansion valve 

(b) Allen link motion valve 

(c) Joy valve gear 

(d) Hockworth valve gear 

(e) Walscharet valve. 

The valve gear which does not call for eccentric is 

known as: 

(a) Meyer expansion valve gear 

(6) Hockworth valve gear 

(c) Walscharet valve gear 

(d) Joy valve gear 

(e) all of the above. 

Governor sensitivity is the ratio of 

(a) range of speed to the mean speed 

(6) maximum speed to the minimum speed 

(c) mean speed to the range of speed 

(d) effort of governor to the range of speed 

(e) governor lift to the range of speed. 

The weight of a porter governor is 

(a) proportional to angular speed (œ) 

(b) inversely proportional to œ 

(c) proportional to w? 

(d) inversely proportional to w2 

(e) independent of œ. 


The height of a simple watt governor is proportional 
to 


(a) speed N (b) Y/N 


353. 


354. 


ooo. 
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397. 


358. 


359. 
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(c) N? 


(e) none of the above. 

If governor balls have one particular 

each given speed in the equilibriy 

governor is said to be 

(a) sensitive 

(c) stable 

(e) isochronous. 

The effort of a porter governor is 

(a) proportional to percentage increase 

(b) inversely proportional to s 

(c) proportional to s? 

(d) inversely proportional to s2 

(e) independent of s. 

The power of a porter governor is 

(a) proportional to percentage increase in Speed 

(b) inversely proportional to s 

(c) proportional to s? 

(d) inversely proportional to s? 

(e) independent of s. 

Choose the correct statement 

The magnitude of swaying couple due to partial 

balance of the primary unbalancing force in 

locomotive is 

(a) directly proportional to the distance between the 
centre lines of two cylinders 

(b) inversely proportional to the distance between 
the centre lines of the two cylinders 

(c) directly proportional to the square of the 
distance between the centre lines of the two — 
cylinders ! 

(d) inversely proportional to the reciprocating mas __ 

(e) directly proportional to the square of the crank 
radius. tet 

For the same diameter, the radius of gyration of dist 

type flywheel as compared to rim type flywheels 


ii 
(d) ny? 


r i 
ih Position ih | 
Ue 


. d 
(b) INSENSitive 


(d) unstable 


ID Speed | 


(5) | 


(a) J2 times (b) = times 
(c) 2 times (d) - times 
(e) same. 3 


The stress in disc type flywheel as compared tg 

type flywheel is 

(a) equal 

(c) greater 

(d) could be less or more depending °” 
speed 


= RO RR ene re 


(b) less | 
range an 


(e) none of the above is trué. matic | 
The flywheel controls the following mathe | 
ôN | 
òt §2N 2 
a d) —— 

(c) SN ( ) St” 


(e) none of the above. 
where, N = speed, t = time. 
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The variation in tractive force caused by unbalanced 

primary force in locomotives, with increase in the 

fraction of the reciprocating mass to be balanced will 

(a) remain unaffected 

(b) increase 

(c) decrease 

(d) may increase or decrease depending upon the 
unbalance 

(e) become zero. 

The function of balancing a prime mover is to 

(a) keep speed constant 

(b) keep power output constant 

(c) overcome and minimise inertia force 

(d) eliminate partially or completely the effects due 
to resultant force and couple 

(e) minimise effect of friction. 

The primary unbalanced force in reciprocating 

masses is 

(a) directly proportional to crank radius 

(b) directly proportional to square of crank radius 

(c) inversely proportional to crank radius 

(d) inversely proportional to square of crank radius 

(e) independent of crank radius. 

It is safer to have the maximum unbalanced force 

(a) along the line of stroke 

(b) parallel to line of stroke 

(c) at 45° to the line of stroke 

(d) perpendicular to the line of stroke 

(e) none of the above. 

For complete balancing of the reciprocating parts, 

the following polygon must close 

(a) primary force 

(c) secondary force 

(e) all of the above. 

Most of the engines generally 

(a) require balancing of secondary forces 

(b) require balancing of secondary couples 

(c) require balancing of both secondary forces and 
couples 

(d) do not require balancing of secondary forces and 
couples 

(e) none of the above. 

The gear box in automobiles is placed between 

(a) the clutch and differential 

(b) the steering and engine 

(c) the engine and clutch 

(d) the differential and Hook’s joint 

(e) clutch and Hook’s joint. 


The cylinders in aero engines are arranged along 


(a) parallel lines (b) perpendicular lines 
(c) radial lines 


(d) any of the above arrangements 
(e) none of the above. 


(b) primary couple 
(d) secondary couple 


ylinder radial engine has following 
number of cranks 


(a) zero (by one 


369. 


370. 


37l. 


372. 


373. 


374. 


375. 


376. 





(c) three 
(e) twelve. 


The usefulness of critical damping is that it 

(a) totally eliminates vibrations 

(b) provides basis of determining critical damping 

(c) enables measurement of damping 

(d) provides a measure of the relative amount of 
damping in a system 

(e) predicts nature of vibrations. 

The amplitude of free successive oscillations with 

coulomb damping will follow the following type of 

progression 

(a) geometric 

(c) arithmetic 

(e) exponential. 

With viscous damping, the frequency of damped 


oscillations as compared to frequency of undamped 
vibrations is 


(d) six 


(b) harmonic 
(d) logarithmic 


(a) less (b) more 
(c) same (d) independent 
(e) zero. 


The number of degrees of freedom in a continuous 
System would be 


(a) zero 
(c) two 
(d) dependent upon the geometry of system 

(e) none of the above. 

The frequency of vibrations with increase of damping 
in the case of free vibrations with coulomb damping 
will 

(a) remain same 
(c) decrease 


(6) one 


(6) increase 


(d) may increase or decrease depending upon the 
damping coefficient 
(e) none of the above. 


The maximum displacement amplitude for an 
instrument having natural frequency of 20 rad/sec. 
and withstand capability of 4 m/sec? can be 

(a) 0.001 m (b) 0.01 m 


(c) 0.1m (d) 0.5 m 
(e) 0.025 m. 


The type of gear used for speed reduction of 50 : 1 
will be 


(a) herringbone 
(e) bevel 
(e) hypoid. 


(b) spur 
(d) worm wheel 


Natural period of vibration in terms of mass of the 
system = m and stiffness of s 
equal to 


1 Jk 
(a) 1t 
(c) an jÈ 
m 
m 
(e) e 


pring = k is given as 


(b) L m 

2r Vk 
d) 2 Ed 
(d) 27 l 
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torsional oscillations of the system 


haft = q and mass 
nal stiffness of s $ e r o Tit 


377. Frequency of free 
in terms of tors10 


M.I. of the disc attached at the en 
equal to 

I q 

(a) 27 E (b) 2m [2 

1 jq 

1 JI 1 fa 


(e) (2. 


978. The type of teeth provided on a gear used in sugar 
crushing machinery is 
(a) involute (b) paraboloid 
(c) hyperboloid (d) cycloidal 


(e) none of the above. 


379. If two gears have moment of inertias as I and I, 
respectively and mesh with a speed ratio 0/0; = N, 
then equivalent moment of inertia of both gears 
referred to first one is 


(a) I, +I, (6) I, + nl, 
(c) I, +n7I, (d) nI, +I, 
(e) n7I, +I. 

380. The equation of motion of a ball of radius r rolling 
without slipping on a cylindrical surface of radius A 

2 
is ga + 28 
dt? 3(R-r) 

oscillation about lowest point is equal to 


2g 1 2g 
ee O B) a fe 
© eR a an VSR P 
(c) pa (a) -L 3(R-r) 
2g 2m 2g 
o — |e. 
27 \ 3(R-r) 


381. Radius of friction circle at any rotating surface is 


= 0, then its natural frequency of 





(a) r cos ọ (b) r sind 
(c) r sin? > (d) r cos? 6 
(e) reay 

2 


where, r = radius of surface of contact. 


382. Figure below shows, a crusher having several 


cylindrical rollers of weight W. The j 
due to each roller will be — 





383. 


384. 


385. 


386. 


387. 


388. 






(a) W (b) less than W 

(c) more than W (d) unpredictah 

(e) none of the above. e | 

The rotor of a turbine of a ship rotates Soa | 

looking from the stern. If the ship ; Wi h 
IQ 


8 
. ra 
certain velocity steers to the left, then thet | 


e o,8 boy 4 
(a) remain in same position "i 
(b) rise (c) fall 

(d) unpredictable (e) none of the abo 
The rotor of a turbine of a ship rotates clocks, 
looking from the stern. If the ship when ț Whe 


Tavel]; 
starts rolling at œ rad/sec clockwise whe, velli 


from the stern, then the bow will 
(a) remain in same position 

(b) rise (c) fall 
(d) unpredictable (e) none of the above 
A motor car takes a bend of certain radius iny i 
hand direction when moving at some speed. H engin 
rotates in a clockwise direction when viewed from 
front, then due to centrifugal force 


(a) reaction on outside wheels is increased and m 
inside wheels decreased 


(b) reaction on inside wheels is increased and m | 
outside wheels decreased | 


(c) reaction on rear wheels is increased and on front 


oiy 


wheels decreased 

(d) reaction on rear wheels is decreased and on front 
wheels increased 

(e) unpredictable. 

In Prob. 385, the reactions due to gyroscopic couple 

wheels behave as follows 

(a) reaction on outside wheels is increased and 
inside wheels decreased 

(b) reaction on inside wheels is increased and 0 
outside wheels decreased 

(c) reaction on rear wheels in increased and on froni | 
wheels decreased | 

(d) reaction on rear wheels in decreased and 0 
front wheels increased 

(e) unpredictable. 

In Prob. 385, the reactions due to gyrosco 

due to engine will be 

(a) reaction on outside wheels is increas¢ 
inside wheels decreased go 

(b) reaction on inside wheels is increased si 
outside wheels decreased front 

(c) reaction on rear wheels is increased and 0? 
wheels decreased front 

(d) reaction on rear wheels is decreased and oP 
wheels increased 

(e) unpredictable. Jer the 

If delta be the static deflection of shaft ys 

gravity load, then natural frequency oft prat” 


in case of the longitudinal and transvers? 
1s equal to 


pic coup le 


Jand” 


-aM e a M o 
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2m.,|2 b) 2n |£ l , 2 
™ 6 = E 397. The equation mos + Z + kx = F sin wt represents 
(c) = 2 (d) 4j (a) free vibrations 

an VO 2n\ 6 (b) forced vibrations 
(e) i ô ; (c) periodically forced vibrations 

2n \ g 


(d) free vibrations with viscous damping 
389. Under the condition of resonance for a vibrating body, (e) resonance vibrations. 
the displacement would lag behind the disturbing 398 


i . In vibration isolation systems, the transmissibility 
force, i.e., phase angle would be 


i.e., ratio of force transmitted to the disturbing force 


(a) 0° (b) 45° will be less than unity, for all values of damping 
(c) 90° (d) 180° factors, if o/o, is 
(e) unpredictable. | 
390. For a vibrating system, if the damping factor is unity, ores (b) belar 42 
then maximum magnification factor will occur for (c) above /2 (d) less than 1 
Wo, value of (e) unpredictable. 
<a) 0 (6) 1 399. In SHM, the product of periodic time and frequency 
(c) more than 1 (d) unpredictable is equal 
(e) OnE OF the above. TA (b) unity 
391. A vibrating beam has following degrees of freedom (aa (d) 2x 
(a) 0 (b) 1 Ligh 
(c) 2 (d) 3 coki | 
(e) multi. 400. Critical damping is a function of 
392. For a vibrating system, as the value a/, increases (a) mass and stiffness 
above unity, the magnification factor, irrespective (b) mass and damping coefficient 
of value of damping factor, has tendency to move (c) stiffness and natural frequency 
towards (d) natural frequency and damping coefficient 
(a) above unity (b) near unity (e) stiffness and damping coefficient. 
(c) near infinity (d) near zero value 401. In the case of longitudinal vibrations, effect of inertia 
(e) unpredictable. of shaft can be considered by adding following 
393. An overdamped system when disturbed from fraction of weight of shaft at the free end 
equilibrium position with an initial velocity will (a) full (6) half 
(a) vibrate about equilibrium position 7 meii d 33 
(b) immediately return to equilibrium position 140 
(c) not cross the equilibrium position (e) one-fourth. 
(d) return to equilibrium position after 1 to 2 402. At node of the shaft, the vibrations are 
oscillations (a) minimum (b) maximum 
(e) none of the above. (c) some value between minimum and maximum 
394. A three rotor system has following number of natural (d) zero 
frequencies (e) corresponding to natural frequency. 
(a) one (b) two 403. A shaft carrying two rotors at ends will have 
(c) three (d) four following number of nodes 
(e) six, (a) 1 (b) 2 
9 (c) 3 (d) 4 
395, The equati ax n Ar = 0 represents (e) zero. 
: equation —; 
dt m 


404. A shaft carrying three rotors will have following 


(a) free vibrations (b) forced vibrations number of nodes 

(c) periodically forced vibrations (a) 0 (b) 1 

(d) free vibrations with viscous damping (c) 2 (d)3 

(e) resonance vibrations. (e) 4. 
ry Ix 405. Ifa mass m oscillates on a spring of mass m, and 

396. Tho equation m—- . + en + kx = 0 represents stiffness &, then natural frequency of mass is equal 

dt* at to 

(a) free vibrations (b) forced vibrations Jk i Jk 

') poriodie ore ibrations (a) ( a 
(c) por iodically forced vibration l Tmt mi3 Jm, +m/3 Tuts 
(d) froo vibrations with viscous damping 


(e) resonance vibrations. FA 


Scanned by CamScanner 











(c) (d) on | 8 
m+m, m +m; 
(e) kg 


Jm + m13 
406. The natural frequency of a spring-mass system poe 
the mass of spring is also considered, as compare 


to system with negligible mass of spring will be 


(a) more (b) less 
(c) same 

(d) depending on mass of spring 
(e) unpredictable. 


if > 1, then the 
On 

phase difference between the transmitted force and 

the disturbing force is 


407. In vibration isolation system, 


(a) 0° (b) 45° 
(c) 90° (d) 180° 
(e) 270°. 


408. In underdamped vibrating system, the amplitude of 
vibration with reference to time 
(a) increases linearly 
(b) increases exponentially 
(c) decreases linearly 
(d) decreases exponentially 
(e) remains constant. 
409. In a critically damped vibration system with single 
degree of freedom, the factor 


damping coefficient 


mass x spring constant 


(a) 0 
(c)<1 
(e) none of the above. 
410. The rate of decay of oscillations is known as 
(a) critical damping (6) damping coefficient 
(c) transmissibility 
(d) logarithmic decrement(e) damped oscillations. 
411. In forced vibrations the magnitude of damping force 
at resonance equals 
(a) inertia force 
(c) infinity 
(e) zero. 
412. In steady state forced vibrations 
vibrations at resonance is 
(a) directly proportional to j 
(b) directly proportional to i ram a Nama 
(c) inversely proportional to the da 
(d) inversely proportional to the re 
(e) directly proportional to the m 
and spring stiffness. 

413. The ratio ofthe maximum dis 
vibration to the deflection d 
called 
(a) logarithmic decrement 
(b) damping coefficient 


should be equal to 


(b) 1 
(d)>1 


(b) impressed force 
(d) spring force 


the amplitude of 


nant frequency 

mping coefficient 
Sonant frequency 
ass of the system 


placement of the forced 
ue to the static force is 


422. In vibration isolation systems, transmiss 
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Se 


(c) critical damping coefficient 
(d) magnification factor (e) damping fact, 
atio of the actual damping . oefficiens 
critical damping coefficient is called to th 
(a) magnification factor (b) damping facto 
(c) logarithmic decrement 
(d) transmissibility (e) none of the ir 
415. The damping force, 1n the forced vibration. 
reference to the spring force 
(a) leads by n/2 radians (b) lags by 7/2 rq 
(c) leads by ™ radians (d) lags by r radi 
(e) is in phase- 
For steady state forced vibrations, the phase ee 


414. Ther 


ans 


16. e fore 
$ resonance condition 1S 
(a) 0° (b) 45° 
(c) 90° (d) 180°. 


(e) dependent on damping coefficient. 


417. The frequency of damped oscillations in the dry 
friction damping, as compared to undampej 
vibration is 
(a) equal (b) less 
(c) more (d) independent 
(e)may be less or more depending upon the 

damping coefficient. 

418. A rotary system having damping coefficient of 50N 
sec m/rad, when twisted with an angular velocity of 
2 rad/sec will experience the damping torque of 


(a) 50 Nm (6) 100 Nm 
(c) 25 Nm (d) 200 Nm 
(e) 12.5 Nm. 


419. For a vibrating body under steady state forced 
vibrations, if ratio a/w, is very high, then phase angle 
would tend to approach 


(a) 0° (b) 90° 
(c) 180° (d) 270° 
(e) unpredictable. 


420. The transmissibility (ratio of force transmitted to the 


force applied) in vibration isolation system tor 
values of damping factor, if 


lat spend of sytem —_— => 
material frequency of vibration of system Or 
1.414, is 
(a) zero (b) unity 
(c) more than unity (d) less than unity 
(e) infinity. 
‘ hes 
421. In vibration isolation systems, if O <1414' 
O : 
tor, 15 


n 
transmissibility for all values of damping fac 
(a) zero (b) unity | 
o more than unity (d) less than unity 

e) infini | 
inity. pn . 


o 0 jg egua!" 
unity for all values of damping factor, if On 
n 
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(a) unity (b) J2 
(c) > /2 (d) < J2 
(e) zero. 


423. In the case of transverse vibrations, the effect of 
inertia of the shaft can be considered by adding 
following fraction of mass of the shaft to that of the 


disc or flywheel 
(a) full (b) half 
33 
-third (d) — 
(c) one-thi TT 
33 
(e) 280 A 


424. Ifthe damping factor for a vibrating system is unity, 
then the system is 


(a) critically damped 
(b) not damped (c) under damped 
(d) over damped (e) zero damped. 


425. In a damped vibration system, the damping force is 
proportional to 
(a) displacement 
(c) acceleration 
(e) applied force. 

426. For a vibrating body under steady state forced 
vibrations, if ratio w/w, is very low, the phase angle 
would tend to approach 


(b) velocity 
(d) vibrations 


(a) 0° (b) 90° 
(c) 180° (d) 270° 
(e) unpredictable. 
427. Which of the following effects is more dangerous for 
a ship ? 
(a) rolling (b) waving 
(c) pitching (d) steering 


(e) disturbance caused by fishes. 

428. A stepped shaft of diameters d4, dz, and d, of lengths 
l,, l, and 1, respectively is to be reduced to a 
torsionally equivalent shaft of uniform diameter d4. 
The length of equivalent shaft is equal to 


2 
(a) li + ly (4) + a (b) ly + l 6 + a 
3 


3 3 4 4 
(c) neal) TE d) Aba saf 
4 4 
(e) henf) TE | 
1 1 


429. Match List I with List II and select the correct answer 
using the codes given below the lists 
List I List II 
A. Governor 1. Pantograph device 
B. Automobile 2. Feed-back control 
differential 
C. Dynamic Absorber 
D. Engine Indicator 


3. Epicyclic train 
4. Two-mass oscillator 


Codes: A B g D 
(a) 1 2 3 4 
(b) 4 1 2 3 


430. 


431. 


432. 


(c) 2 3 4 1 
(d) 4 3 2 1 
Consider the following statements : 


Coriolis component of acceleration depends on 
1. velocity of slider 

2. angular velocity of the link 

3. acceleration of slider. 

4. angular acceleration of link 

Of these statements 
(a) 1 and 2 are correct 
(c) 2 and 4 are correct 


(b) 1 and 3 are correct 
(d) 1 and 4 are correct 


Match List I with List II and select the correct answer 
using the codes given below the lists : 
List I List I 
(Forces) (Mathematical 
expressions) 
dy 
A. Inertia force 1.C ae 
2 
B. Spring force 2. M “+ 
C. Damping force 3. MÆR 
D. Centrifugal force 4. Ky 
Codes: A B C D 
(a) 1 3 2 4 
(b) 2 4 1 3 
(c) 2 1 4 3 
(d) 1 2 3 4 
In gears, interference takes place when 
(a) the tip of a tooth of a mating gear digs into the 
portion between base and root circles 
(b) gears do not move smoothly in the absence of 
lubrication 
(c) pitch of the gear is not same 
(d) gear teeth are undercut 
. Match List I with List II and select the correct answer 
using the codes given below the lists : 
List I List II 
A. Quadric cycle chain 1. Elliptic trammel 
B. Single slider crank 2. Rapsons slide 
chain 
C. Double slider crank 3. Ackerman steering 
chain 
D. Crossed slider crank 4. Eccentric mechanism 
chain 
5. Pendulum pump 
Codes: A B C D 
(a) 5 4 2 1 
(b) 3 i 5 4 
(c) 5 3 4 2 
(d) 3 5 1 2 


434. A flywheel is fitted to the crankshaft of an engine 


having ‘F’ amount of indicated work per revolution 
and permissible limits of co-efficients of fluctuation 
of energy and speed as K, and K, respectively. The 
kinetic eneregy of the flywheel is then given by 


—— Sl 
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(e) E£ 


S e , 
A Hartnell governor has its controlling force F given 


by F =p +qr, 
where r is the radius of the balls and p and q are 


constants. 

The governor becomes isochronous when 

(a) p = 0 and q is positive 

(b) p is positive and q = 0 

(c) p is negative and q is positive 

(d) p is positive and q is also positive 

The plots of controlling force versus radii of rotation 


of the balls of spring controlled governors are shown 
in the given figure. A stable governor is characterised 


by the curve labelled 


I Il 


< 


Controlling 
force 


Radius ——> 
(a) I (b) II 
(c) III (d) IV 
Which one of the following can completely balance 
several masses revolving in different planes on a 
shaft ? 
(a) A single mass in one of the planes 
revolving masses 
(b) A single mass in a different plane 
(c) Two masses in any two planes 
(d) Two equal masses in any two planes 
With symbols having the usual meanings, the single 
degree of freedom system, 
mi + cù + kx = F sin wt represents 
(a) free vibration with damping 
(b) free vibration without damping 
(c) forced vibration with damping 
(d) forced vibration without damping 
In the two-rotor system shown in the given figure, 
(I, <I,), a node of vibration is situated 


of the 





440. 


442. 


443. In a delt drive, if the pulley diameter is 
keeping the tension and - 


444, 


445. 


MECHANICAL .; 
(a) between J, and J, but nearer to I, Py : 





(b) between I, and J, but nearer to J, 
(c) exactly in the middle of the sh aft 


(d) nearer to I, but outside 


A simple spring mass vibrating system fe 
frequency of N. If the spring stiffness ig ha , 
the mass is doubled, then the natura] ek, "y 

UY hi 


become 
(a) N/2 
(c) 4N 


Nat... 


* | 


(b) 2N 
(d) 8N 


In involute gears the pressure angle is 


(a) dependent on the size of teeth 


(b) dependent on the size of gears 
(c) always constant 


(d) always variable 
Match List I with List II and select the typ, 
answer using the codes given below the lista ii 


List I 
(Type of joint) 


A. Cotter joint 


B. Knuckle joint 
C. Turn buckle 


D. Riveted joint 


Codes: A 
(a) 5 
(b) 2 
(c) 5 
(d) 2 


List II 


(Mode of jointing 


1. 


wwe ee & 
Pw wd 


will be necessary to 

(a) increase the key length 
(b) increase the key depth 
(c) increase the key width 
(d) decrease the key length 


A body in motion will be subject 


members) 
Connects two rods ¢ 
bars permitting sm1 
amount of flexibility 


. Rigidly connects tws 


members 


. Connects two rods 


having threaded ende. 


. Permanent fluid-tigi: 


joint between two fz 
pieces 


_ Connects two shafts 


and transmits torque 


A AADI 


f 
| 


double 


acceleration when that body is 


ariable velocity 


belt width constant, =" 


ed to Corio? 


(a) in plane rotation with v 

(b) in plane translation with variable velta yg 

(c)in plane motion which is 4 res es 
translation and rotation apo 

(d) restrained to rotate while sliding ov 
body. 

Consider the following statements n i 

1. A round bar in a round hole forms 
pair. a id 
hole forms 


2. A square bar in a square 


pair. 


A 
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3. A vertical shaft in a footstep bearing forms a 
successful constraint. 


JecHANIsMS AND MACHINES 
pr 

| 

| 

| 


446. 


447. 


448. 


449. 


450. 


451. 


Of these statements 

(a) 1 and 2 are correct (b) 2 and 3 are correct 

(c) 1 and 3 are correct (d) 1, 2 and 3 are correct. 
The sensitivity dh/dN of a given Porter Governor, 
where ‘hf’ is the height of the pin point A from the 
sleeve and N is the r.p.m., is proportional to 





(a) N? (b) N8 
1 1 


A machine mounted on a single coil spring has a 
period of free vibration of T. If the spring is cut into 
four equal parts and placed in parallel and the 
machine is mounted on them, then the period of free 
vibration of the new system will become 


(a) 16 T (b) 4 T 
© L (d) + 
4 16 
Which one of the following pairs is correctly 
matched ? 
(a) Coulomb maaan. Energy principle 
(b) Rayleigh swt... Dynamic equilibrium 
(c) D’ Alembert ...... Damping force 
(d) Fourier maa. Frequency domain analysis 


There are six gears A, B, C, D, E, F in a compound 
train. The numbers of teeth in the gears are 20, 60, 
30, 80, 25 and 75 respectively. The ratio of the 
angular speeds of the driven (F) to the driver (A) of 
the drive is 


1 1 
PY (6) — 
(a) F 7: 
(c) 4 (d) 12 
15 
A fixed gear having 100 teeth meshes with another 


gear having 25 teeth, the centre lines of both the 
gears being joined by an arm so as to form an epicyclic 
gear train. The number of rotations made by the 
smaller gear for one rotation of the arm is 

(a) 3 (b) 4 

(c) 5 - (d6 

The directions of Coriolis component of acceleration, 
2wV, of the slider A with respect to the coincident 
point B is shown in Figures 1, 2, 3 and 4. 
Directions shown by figures 





V w V 
2V 2wV 20V 2aV 
B B B B 
A A A A 
© V W V 
O O O O 
Figure 1 Figure 2 Figure 3 Figure 4 


(a) 2 and 4 are wrong (b) 1 and 2 are wrong 

(c) 1 and 3 are wrong (d) 2 and 3 are wrong. 
452. A torsional system with discs of moment of inertia J 1 

and J,, shown in the given below figure, is gear driven 

such that the ratio of the speed of shaft B to shaft A 

is ‘n’. Neglecting the inertia of gears, the equivalent 

inertia of disc on B at the speed of shaft A is equal to 





(e) IJn? (d) IJn. 
453. Which one of the following pairs is not correctly 
matched ? 


(a) Positive drive .... Belt drive. 
(b) High velocity ratio .... Worm gearing. 


(c) To connect non-parallel and non-intersecting 
shafts.... Spiral gearing. 

(d) Diminished noise and smooth operation 
...-Helical gears. 


454. For a spring controlled governor to be stable, the 
controlling force (F) is related to the radius (r) by 
the equation. 


(a) F =ar-—b (b)F=ar+b 
(c) F=ar (d)F=alr +b. 


455. The equation of free vibrations of a system of X + 
367? X = 0. Its natural frequency is 


(a) 6 Hz (b) 3x Hz 
(c) 3 Hz (d) 6n Hz. 


456. If w/w, = /2, where, w is the frequency of excitation 
and œ, is the natural frequency of vibrations, then 
the transmissibility of vibrations will be 
(a) 0.5 (b) 1.0 
(c) 1.5 (d) 2.0. 

457. Which one of the following is true for involute gears ? 
(a) Interference is inherently absent 
(b) Variation in centre distance of shafts increases 


radial force 
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= (a) length, width and load WE 
ntact with conca (b) length, width and speed 





(c) A convex flank is always in co 


‘scosity, speed and load 
flank th (c) viscosl ; . 
(d) Peni angle is constant throughout the 12° (d) viscosity, speed and bearing pressure 
. ist-I with List-II and 
pngageman ing is an Open Pair ? 464. Match Lis the codes given hates the con, 
` 458. Which one of the following heanig answer using ow the Lie 7 
© (a) Ball and socket joint (b) Journa List-I List-T] ce 


(d) Cam and follower. 


d select the correct A. Quadric cycle chain 1. Rapson’s slid | 


(c) Lead screw and nut 








. er 
answer : : chain engine mechan; 
List I parn le slider crank 3. Acke i 
, j tation for C. Double sii TMAaNN steeri 
A. Hunting 1. One radius rota hain niechuniay, Tn 
each speed. C d slider crank 4. Oldham 
B. Isochronism 2. Too sensitive. D. ly coupling 
C. Stability 3. Mean force exerted at C - m ý m 
the sleeve during Codes: 
change of speed. (a) 1 2 4 3 
D. Effort 4. Constant equilibrium (b) 4 3 2 1 
speed for all radii of (c) 3 4 1 2 
rotation. (d) 3 2 4 1 | 
Codes: A B C D 465. A reverted gear train is one in which the output shaf 
(a) 2 4 1 3 and input shaft | 
(b) 3 1 4 2 (a) rotate in opposite directions | 
(c) 2 1 4 3 (b) are co-axial | 
(d) 1 2 3 4 (c) are at right angles to each other 
460. The equation of motion for a single degree of freedom (d) are at an angle to each other. 
system with viscous damping is 466. When a slider moves with a velocity ‘V ona link 
4% +9x + 16x =0 rotating at an angular speed of a, the Coriolis 
The damping ratio of the system is component of acceleration is given by | 
(a) os (b) 2 (a) - Vo (b) Vo | 
9 (c) (d) 2Vo. | 
(c) — (d) 9 2 | 
8/2 8 467. The total number of instantaneous centres for 3 | 
461. The critical speed of a rotating shaft depends upon mechanism consisting of ‘n’ links is | 
(a) mass (a) n/2 (b) n 
(b) stiffness n-1 
= n(n — 1) 
(c) mass and stiffness (c) 9 (d) a ` 
(a) Blase, SNAS and ecentricity. 468. In a cam drive, it is essential to off-set the axis of 8 
462. Match List I with List II and select the correct follower to 
ns (a) decrease the side thrust between the follower 
ag la I List II the guide | 
A ical — 1. Non-interchangeable. (b) decrease the wear between follower and guide | 
a Waaa one gears 2. Zero axial thrust. (c) take care of space limitation | 
5 Nanri 3. Quiet motion. (d) reduce the cost. | 
ears 4. Extreme speed 469. Ifa mass ‘m’ oscillates on a spring having 4 mas | 
Goin. ‘A reduction. and stiffness ‘k’, then the natural frequency ° 
a : 2 C D system is given by | 
3 4 
(b) 3 9 1 4 k 
(d) T eee 





463. The bearing characteristic number 


dynamic bearing depends on in a hydro- 
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a 


MECHANISMS AND MACHINES 


9. (d) 
17. (e) 
25. (e) 
33. (b) 
41. (a) 
49. (c) 
57. (a) 
65. (c) 
73. (c) 
81. (a) 
89. (c) 
97. (b)* 

105. (a) 
113. (b) 
121. (c)* 
129. (a) 
137. (b) 
145. (a) 
153. (b) 
161. (a) 
169. (b) 
177. (d) 
185. (b) 
193. (a) 
201. (b) 
209. (a) 
217. (c) 
225. (c) 
233. (a) 
241. (d) 
249. (e). 
257. (e) 
265. (e) 
273. (b) 
281. (a) 
289. (a) 
297. (a) 
305. (b) 
313. (c) 
321. (a) 
329, (b) 
337. (e) 
345. (a) 
353. (c) 
361. (d) 
369. (c) 

377. (d) 
385. (a) 
393. (c) 
401. (c) 


*T. ale 


10. (c) 
18. (a) 
26. (e) 
34. (d) 
42. (a) 
50. (a) 
58. (c) 
66. (b) 
74. (e) 
82. (d)* 
90. (a) 
98. (a) 
106. (c) 
114. (c) 
122. (b) 
130. (e) 
138. (b) 
146. (c) 
154. (c) 
162. (e) 
170. (b) 
178. (d) 
186. (d) 
194. (c) 
202. (a) 
210. (e) 
218. (b) 
226. (c) 
234. (b) 
242. (d) 
250. (b) 
258. (e) 
266. (b) 
274. (d) 
282. (d) 
290. (c) 
298. (a) 
306. (a) 
314. (c) 
322. (b) 
330. (d) 
338. (b) 
346. (c) 
354. (a) 
362. (a) 
370. (c) 
378. (d) 
386. (c) 
394. (b) 
402. (d) 


11. (d) 
19. (a) 
27. (d) 
35. (e) 
43. (b) 
51. (c) 
59. (c) 
67. (c) 
75. (d) 
83. (d) 
91. (d) 
99. (d) 
107. (c) 
115. (b) 
123. (a) 
131. (d) 
139. (a) 
147. (c) 
155. (e) 
163. (c) 
171. (d) 
179. (b) 
187. (b) 
195. (d) 
203. (a) 
211. (e) 
219. (a) 
227. C) 
235. (d) 
243. (c) 
251. (e) 
259. (c) 
267. (a) 
275. (c) 
283. (b) 
291. (c) 
299. (d) 
307. (b) 
315. (c) 
323. (b) 
331. (b) 
339. (d) 
347. (a) 
355. (d) 
363. (d) 
371. (a) 
379. (c) 
387. (c) 
395. (a) 
403. (a) 


12. (b) 
20. (a) 
28. (d) 
36. (b) 
44. (c) 
52. (a) 
60. (d) 
68. (c) 
76. (e) 
84. (c) 
92. (b) 
100. (b) 
108. (d) 
116. (b) 
124. (a) 
132. (b) 
140. (b) 
148. (e) 
156. (a) 
164. (d) 
172. (b)* 
180. (a) 
188. (c) 
196. (e) 
204. (d) 
212. (d) 
220. (c) 
228. (b) 
236. (d) 
244. (a) 
252. (b) 
260. (d) 
268. (b) 
276. (b) 
284. (a) 
292. (d) 
300. (a) 
308. (b) 
316. (a) 
324. (d) 
332. (c) 
340. (d) 
348. (a) 
356. (a) 
364. (e) 
372. (b) 
380. (b) 
388. (d) 
396. (d) 
404. (c) 


13. (b) 
21. (c) 
29. (e) 
37. (c) 
45. (c) 
53. (b) 
61. (c) 


405. (a) 


14. (c) 
22. (c) 
30. (e) 
38. (c) 
46. (a) 
54. (c) 
62. (c) 
70. (c) 
78. (d) 
86. (e) 
94. (c) 
102. (a) 
110. (a) 
118. (a) 
126. (c) 
134. (c) 
142. (c) 
150. (a) 
158. (d) 
166. (a) 
174. (a) 
182. (a) 
190. (b) 
198. (a) 
206. (d) 
214. (b) 
222. (b) 
230. (e) 
238. (c) 
246. (c) 
254. (c) 
262. (b) 
270. (c) 
278. (c) 
286. (b) 
294. (b) 
302. (a) 
310. (e) 
318. (c) 
326. (a) 
334. (c) 
342. (c) 
350. (a) 
358. (c) 
366. (c) 
374. (b) 
382. (c) 
390. (a) 
398. (c) 
406. (b) 


15. (a) 
23. (d) 
31. (a) 
39. (c) 
47. (a) 
55. (d) 
63. (b) 
71. (c) 
79. (a) 
87. (a) 
95. (a) 
103. (c) 
111. (c) 
119. (c) 
127. (d) 
135. (a) 
143. (b) 
151. (a) 
159. (b) 
167. (a) 
175. (b) 
183. (b) 
191. (a) 
199. (d) 
207. (b) 
215. (e) 
223. (c) 
231. (b) 
239. (a) 
247. (c) 
255. (a) 
263. (d) 
271. (b) 
279. (c) 
287. (b) 
295. (b) 
303. (c) 
311. (c) 
319. (c) 
327. (c) 
335. (e) 
343. (c) 
351. (d) 
359. (b) 
367. (c) 
375. (d) 
383. (b) 
391. (c) 
399. (d) 
407. (d) 





í 439 
1. (d) 2. (e) 3. (a) 4. (a) 5. (d) 6. (e) 7. (d) 8. (c) 


16. (c) 
24. (b) 
32. (a) 
40. (a) 
48. (b) 
56. (d) 
64. (b) 
72. (b) 
80. (c) 
88. (d) 
96. (b) 
104. (c) 
112. (a)* 
120. (d) 
128. (c) 
136. (e) 
144. (a) 
152. (a) 
160. (b) 
168. (c) 
176. (c) 
184. (e) 
192. (b) 
200. (c) 
208. (e) 
216. (a) 
224. (d) 
232. (a) 
240. (b) 
248. (b) 
256. (b) 
264. (a) 
272. (e) 
280. (c) 
288. (a) 
296. (c) 
304. (d) 
312. (d) 
320. (d) 
328. (b) 
336. (e) 
344. (b) 
352. (a) 
360. (c) 
368. (b) 
376. (d) 
384. (a) 
392. (d) 
400. (a) 
408. (d) 
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MECHANICA; 
ENGine 





(d) 414, (b) 415. (b) 
412. (c) 413. 416, 
mo mo mo mo mo So ma w 
(Cc j . (a . * 
425. . (d)* o a 44 
435. (a)* 436. , +e Y 
mo mo me ma ma fme mo do 
441.(c) 442, (b) nek 452. (b) 453. (a) - se 
449, (a)* po i im 460. (b)* 461. (c) 462. (d) 463. (d) 464 
° d 4 ° a a 
va o 466. (d) 467. (d) 468. (b) 469. (a) 






EXPLANATORY NOTES 


82. There is nothing like efficiency of structures. 


440. Natural frequency of vibration f, « ny . 
97. Kinematic chain is one which satisfies = 





L=4 (J +2), In new system f, < ae 3 fh 
3 2m 2\m 
which is not satisfied in this case. ie. itis halved. 
101. Eccentric sheave is equivalent to 2 links, 1 link is 443. Due to twice increase in diameter of pulley, tora, 
due to oscillatory link, and one is fixed link. on key is double and has to be resisted by Beas ; i | 
1 Length can’t be increased as belt width is same. Thy 
112. (7 +>H = 3/21- 2, (c) is the right choice. 
° 446. For Porter governor, 
or 7+0=3/2x6-2 | , h O dh a 
or 7=7. «a s. ane yt 


| .. Kinematically sound. 
-1 |_28 
2r \ 3(R-r) 


R = radius of cylindrical surface 
r = radius of cylinder 





447, Period of free vibration of a spring T œ E (k = spring 
121. f k 


stiffness). When a spring is cut into 4 equal pieces, 
spring stiffness of each cut spring will be 4k. 


When four such springs are placed in parallel, spring 





On x 800 stiffness of combination will be 4 x (4 k) = 16%. 
| 172. w = ———— = 83.85 rad/sec. T 
z Thus new T œ = m: 
_V _ 240x1000 _ 9 16 
w= 2 Troxgoxgg 392 Tadisec’. 449. The ratio of angular speeds of 
C = Iwo, Fto A - Ta -Tec -Tp _ 20x30x25_ 1 


Tx. Ty. Te x75 24 
= = x 83.85 x 0.392 = 100 mkef. ie i 





450. Revolution of 25 teeth gear = 1 + Too (for one 





435. For isochronous governor F = gr Tz 
So p should be zero and q be + ve . 100 
. ý t = n 
right choice is (a). and RENE 25 a; 
436. For stable governor, F = gr — ichi : ; 
arve IY 5 : qr -p which is possible with 455. Natural frequency 36n7/ 1 =6n 
439. Node of vibration is situated closer to rotor 460. ©, = cure 4; 250 = A T = 
having high moment to inertia. É ' " 4’? 4x4 l6 










_ PROBLEMS 


Provide single suitable word(s) for following 4 


achi! 
statements : t ofa ne 


. A resistant body constituting a part o! í toit- 
connecting other parts having motion relativé ative 

power, consisting 5. An assemblage of resistant bodies having 2° 

ated parts, each having a definite motion between them. joD 

6. A joint of two elements permitting relative mot! 

. Elements of pairs held together mechanically. g tw? 


3. Dealing with the f 8. A pair having a surface contact betwee” 
machine. orces acting on the parts of the elements while in motion. 


: i yj : 9, A pair havin . . ntact. 
re g a point contact or line co 
‘ae indicates that explanatory note is given at the end i 
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1, An apparatus for applying mechanical 
of a number of interre] 
function. 


2. Dealing with the relative motion between the parts 


without caring for forces involved. 


=] 


CH 
10. 


11. 
12. 


13. 
14. 
15. 


16. 
17. 


18. 
19. 


20. 


21. 


22. 


23. 
24, 
25. 
26. 


27. 


28. 


29, 


30. 


31. 


32. 


33. 





SA et 


ANISMS AND MACHINES 


Anumber of links connected in space such that relative 
motion of any point on a link with respect to any other 
point on the other link follows a definite law. 

Each ......:.... pair is treated as equivalent to two lower 
pairs and an additional link. 


The relationship between number of links (L) and 
number of joints (J) for a kinematic chain. 


A ball and socket joint forms ........... pair. 
Crank shaft and bearing constitute a ......... pair. 


If one of the links of a constrained kinematic chain is 
fixed, it constitutes ...... 


An assemblage of links to obtain mechanical advantage. 


Different mechanisms obtained by fixing different links 
in a kinematic chain. 


A cam and follower constitute ....... pair. 


The sum of the shortest and the longest links of a 
planar four bar linkage can not be greater than the 
sum of the remaining two links if there is to be 
continuous relative rotation between two links. 

A four-bar kinematic chain containing two turning 
pairs and two translatory pairs such that two pairs of 
the same kind are adjacent. 

If the number of links in a chain is more than four and 
Klein criterion of constraint applies. 

As per Klein criterion of constraint, if (number of binary 
joints + 1/2 x number of higher pairs) = (3/2 x number 
of links — 2), then chain is ....... 

In a kinematic chain, a ternary joint is equivalent to 
PE binary joints. 

In a kinematic chain, a quaternary joint is equivalent 
10 an binary joints. 

The kinematic chain having N links will have ...... 
inversions. 

Unconstrained rigid link in a plane has ......... degrees 
of freedom. l 
The two rigid links have no linear velocities relative to 
each other at the .......... 

If n = number of links in a chain, then number of 
instantaneous centres IS ......---- l 
If three kinematic links have plane motions, their 
instantaneous centres lie on 4 ....---- 

Two rigid links at their instantaneous centre have the 
same linear velocity relative to the ........- link. 7 
Two links L, and L, have angular yeo 
@,(clockwise) and @, (anti-clockwise). The angula 


velocity of L, relative to Lg iS eee 
Simple graphical construction for determ 
acceleration polygon. 

The direction of Coriolis component accel 
direction of relative velocity vector 


ining the 


eration is the 
for the two 


machine 9, kinematics . 
structure g. kinematic pair 
higher pair 10. kinematic chain 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


3, dynamics 
7, closed pairs 


11. higher 


. Belt dynamometer is classified as 





coincident points rotated D gore in the direction of 
the angular velocity of the rotation of the link. 


Klein’s construction is mainly used to determine the 
ERE of piston. 


A link AB of length l is rotating at angular velocity of 
A and angular acceleration of a. Total acceleration of 
point B relative to A is .......... 


A link AB of length Z rotates about point A and 
tangential acceleration of B relative to A is a, and 
ria acceleration is a. Angular acceleration of link 
BG arnasa 

Ritterhan’s construction and Bennet’s construction are 
used to determine .......... of piston in reciprocating 
engines. 

A slider slides along a straight link with uniform 
velocity v and the link rotates about a point with 
uniform angular velocity w, then Corioli’s component 
of acceleration of a point on slider relative to coincident 
point on link is equal to ..... and perpendicular to link. 
Corioli’s component acceleration exists whenever a 
point moves along a path that has ....... motion. 


Coriolis component acceleration acts in a direction ...... 
to sliding surfaces. 


. The direction of Coriolis component acceleration is such 


that i€ «... the sliding velocity vector by 90°. 


dynamometer. 


. Prony brake as well as Froude’s hydraulic 


dynamometers are classified as type 


dynamometers. 


. The stopping distance of any vehicle is proportional to 


aeons of the velocity of vehicle. 


. Maximum fluctuation of energy of a flywheel is 


proportional to square of........ 


. A flywheel has ...... influence on mean speed of the 


prime mover. 


. A governor has ....... influence over cyclic speed 


fluctuation. 


_ The ratio of the difference between maximum and 


minimum speed to the mean equilibrium speed. 


_ The balls occupy a definite specified position for each 


speed within the working range. 


When the equilibrium speed is constant for all radii of 
rotation of the balls of governor within the working 


range. 


_ When a governor tends to intensify the speed variations 


instead of controlling it. 

ee maintains the speed within prescribed limits 
for varying output. 

governor is spring loaded type governor. 
governor is gravity controlled type governor. 





4. kinematic link 
g. lower pair 


2 
=—(J 2) 





{2 
iy? 
| te 
Aa 
A 
i= 
igo 
' 
13 
ty 
tg 
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13. 
17. 
21. 


25. 
29. 


33. 


37. 
41. 
45. 
49. 
53. 


spherical 
inversions 
compound chain 


N 
straight line 


(90°) 
acceleration 
leads 

angular speed 
stability 
Hartnell 


. lower 
. higher 
. constrained 


. three 
. third 


. linear acceleration 


. (20u) 
. transmission 
. no 


. sochronism 
. Proel 


15. 
19. 
23. 


27. 
31. 


35. 


39. 
43. 
47. 
ol. 


mechanism 
Grashofs law 
two 


instantaneous centre 


(W, + W,) 


HoD? + (a)?) 


rotational 
absorption 
no 
hunting 






MECHANICAL ; 
16. machine 


20. double slider crank o.. 
24. three “hain 


n(n — 1) 
28. (=) 


32. Klein construction 


36. (a/l) 


40. perpendicular 
44, square 

48. sensitivity 
52. governor 


Å tori <5 
ad ay a 
rA 4 nna And % 
sap meme te Aen aa NO ANNE IE a a a a aaa IN ia marae a ES 
t Ah ge DIET A = ee cg w, ESE MESS ss Hart 
b - A A © 24 OP ea 
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stresses 
Average tensile stress induced in a body of a simple 
sion member 


ten 
Axial load 


~ Cross-sectional area 


Above equation can also be used to determine 
compressive stress if the member is not slender enough to 
be classified as a column. 


Bearing pressure or contact pressure occurs between 
two members held in contact, and is equal to, 


> Apliedlad ______ 
Length of pin in contact x Diameter of pin 
Normal stress induced in straight beams by bending 
_ My 
oI 
M = applied bending moment 


I= moment of inertia of cross-section about neutral 
axis 


y = distance from neutral axis at which stress is 


calculated 
Ily is called section modulus. 


Bending stress ‘s’ in case of curved beam of area of 
cross-section A, radius of curvature of centroidal axis R, 1s 


equal to 
M "PEE. A 
AR Z R+y 


1 y 
Z = property of cross-section = ae —-— dA 


R+y 
y = distance from centroidal axis to fibre with stress s. 
(Refer Fig. 10.1) 


, ing load 
Direct sh _ Shearing toag 
aiii Area in shear 


For a rivet, shear stress = —7z 
(P nrd 
= load and d = diameter of rivet) 
at di For circular shafts, the shear stress at any point 
tstance r from the centre 


„Tr 


7 





Fig. 10.1 


4 
J = polar moment of inertia -= for solid shaft and 


zg (d$ — df) for hollow shaft. 


Maximum shear stress for solid circular shaft 
16T 
nd? 
Maximum shear stress for bars of rectangular 
cross-section (b = breadth and t = thickness) subjected to 





T 
ion T i al to ——> 
torsion / 1S equ be 


where, a = coefficient depending on ratio b/t. 


1 
For b/t > 10,0 = 3 
3T 


If bending moment varies along the length of the beam, 
then transverse shearing stresses are also induced between 
the elements or fibres and their magnitude is equal to 

F c 
1224 
- shearing force at beam section under 
consideration 
I = MLL. of cross-section about neutral axis 
b = beam width 
= location where shear stress is desired 

c = maximum distance from neutral axis. 

Shearing stress is zero at the upper surface of beam 
(z =c) and is maximum at the neutral axis (z = 0). 


where, F 


443 


Scanned by CamScanner 





MECHANICAL ENGIN H E 





Principal Stresses 


Maximum shearing stress for rectangular cross- 
For an element 


subjected to direct tensile stre 


section t q_ as shown in Fj Sega 
and shear stress 1,, 18. 10.3 . “Md 
= = Os onal plane inclined at 9 to vertical Stray 
2A 
and for solid or thin-walled circular-tube cross-section 
2F 
=- 


Combined stress due to eccentric loading can be 
determined as follows: 
F 
ef 





Fig. 10.3 


6, +6y 9x7 Fy 
o= 9 
and stress along the plane 


Ox : = sin 20 + T,, COS 20 





cos 20 —T,, sin 26 





T.= 
Principal stresses are the maximum and minimum 


stresses on any plane and these are equal to 











Fig. 10.2 se 
D A 
Compressive stress at point B (Refer Fig. 10.2) 6, = E = 
F 
= a a and occur at angle 0, » 
: Fey F t E 1 4 2 xy 
and tensile stress at point A = a; A (Refer Fig. 10.2) => ee E 


Relationship between E, K and G | (0, and @, being 180° apart) 
If E= coefficient of elasticity, G = shear modulus Wasiman shedr siasi 


i 1 . f 
K = bulk coefficient and - = Poisson’s ratio 


Ves B=9K(1 Z) and E= pee 
er ana l y m a m  G+3K Mohr’s circle can be drawn as shown in Fig. 10.4- 








Ox 


Y cos 20 — Ty Sin 29 ——>| 








t (shearing stress) 
E- 
| > 
—— te 
p— 


O 
(e| 
+ RS 
AN 
ee E 
w 
E 
So 3 
aD 
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s. according to Euler’s formula 
r column ’ ’ 


Strain energy. It is a form of potential energy and 





0 
ae al load causing failure represents the total work done against the mutual actions 
nnEI between the particles of a body. 
= p In the case of a beam, strain energy 
ccording to J.B. Johnson 1p M? 
as {1-2 5 2l EI 
F sAs |l- ene Strain energy for a cylindrical bar in torsion 
he cross-sectional area = TA dx. | 
wher™ t of inertia o | 
J = momen Total i 
i cnet spealvititt | otal angle of twist of shaft | 
k = least radius of gyration of cross-section = Ti 
_ ond-fixi fficient = 1 for free but pi GJ 
n = end-fixity coericl ee but pivoted ends In the case of beam under pure bending 
_ 4 for fixed ends at 
_ 9 for one end fixed and other free but guided 0 = TT: 















_ 0.25 for one end fixed and other free 
Ẹ = modulus of elasticity 
5 = yjeld point of material. 


Cyclic or fatigue stresses. When load is not static 
but varies in magnitude, it induces cyclic or fatigue stresses 
inthe members. 80-90% of all service failure are attributed 
to fatigue failure. For designing a part against failure by 
fatigue, a pattern of variation of stress must be determined. 
Various types of fatigue stress variations are shown in 
Fig. 10.5. 


Fatigue Failures. In most cases failure of machine 
parts occur suddenly as a result of crack propagation without 
plastic deformation at a stress well below the elastic limit. 
This is due to fatigue, usually at a point of high ‘stress 
concentration’ by fluctuating stress. At a discontinuity such 
as a notch, hole or step, the stress is much higher than the 
average value by a factor K, which is known as the ‘stress 
concentration factor’. 


SN curves-endurance limit. The number of cycles 
N of alternating stress to cause failure and the magnitude of 
the stress s, are plotted. At N = 0, failure occurs at s,, the 
ultimate tensile strength. At a lower stress s,, known as the 
‘endurance limit’, failure occurs, in the case of steel, as N 
approaches infinity. In the case of non-ferrous metals, alloys 
and plastics, the curve does not flattten out and failure 
occurs at ‘fatigue stress’ Spg after a finite number of stress 
reversals N’. 





Tension 






oO 





Alternating Reversed Repeated Fluctuating 


Compression 


Fig. 10.5 


Shock and impact loading. If the time of load 

P ication is less than about half the natural period of 

5 tation of the member being struck, calculation of stress 
ould be based upon wave analysis. 


Impact load (P) induced in a bar due to falling load W 





—> Nilog scale) 





Fig. 10.6 
Solderberg diagram is useful. (Fig. 10.7) Alternating 


l = length of bar and 
~ modulus of elasticity 


Vlogs Weight Wis applied instantaneously, and with initial 
Y, then P = ow 


ee en 
FS = Sm + (Sy/Se) Ks, l 


Most steels have an endurance limit 700 N/mm? which 
is about half the tensile strength. (1400 N/mm?) 


| om height h is equal to stress is plotted against steady stress. Actual failures occur 
above the line SG joining s, to s,. For practical purposes the 
Wi1+./14 2Ch yield stress 5, is taken instead of s, anda safety factor FS is 
| W applied to give a working line AB. A typical point on the line 
is C, where the steady stress component iS s,, and the 
| Mere, C= constant = P =P AE en AE alternating component is Ks,, where K is a ‘stress 
| è A l concentration coefficient’ which allows for discontinuities 
| = cross-sectional area of bar. such as notches, holes, shoulders, etc. From the Fig. 10.7: 
| 

: 
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V) 

v) 

$ sS 

Ww) 

È Se/FS 

w 

= 

2 c 

i; | be SS G 
yrs Sy Su 


S 
—> Steady stress 


Fig. 10.7. Soderberg diagram. 


durance limit = 0.45 


For cast iron and cast steel, en 5 


x tensile strength up to a tensile strength of 600 Nmm™. 
For non-ferrous metals and alloys, the fatigue 
stress is taken at a definite value of stress reversals, 
e.g. 5 x 10". 
Endurance limits are func 
it is poor for rough surfaces. 
Stress concentration. Stres 
due to one of the following reasons : 
(i) Variation in properties of ma 
point in a member (internal cracks and 
welds, air holes in steel and concrete, non-metallic inclusions). 

(ii) Pressures at points or areas at which loads on a 
member are applied (contact between a wheel and rail, 
contact between the balls and races of a ball bearing, contact 
between gear teeth etc.) 

(iii) Abrupt changes of section. 

Endurance limit or fatigue limit is the maximum 
stress that a member subjected toa completely reversed load 
can withstand for an infinite number of load applications 
without failure. 

Fatigue strength can be increased by selecting 
suitable material, cold working, shot peening, understressing 
and overstressing (coaxing). 

Notch sensitivity is defined as the degree to which 
the theoretical effect of stress concentration is actually 
reached. 

a Modes of failure. Common modes of failure are 
yielding, fracture (due to static, fatigue and impact loads), 
excessive elastic deflection, wear, buckling, corrosion fatigue 
and caustic embrittlement. 


tions of surface finish and 
s concentration occurs 


terials from point to 
flaws, cavities in 


Bolts and Nuts 
For standard coarse threads, th i 
For s , the threads will be as 
A in failure by shear as the bolt in tension if the height 
iS approxi j i j 
ee pproximately 0.4 times the nominal diameter of 


Resultant load 
ait on the bolt in connected parts is 


F. i ne F 
1 
l+a ? 
where F = initi x 
=" al t i 
i 1 ension due to tightening up 


F, = external load 


a = ratio of elasticit 
of bolt. : 


and 


~ 


of connected parts to elasticity 


È Ps 4 


For soft gaskets and large bolts, the value of“ 
Qi 


a i 
of —— = unity. For hard gask 
and the value 0" 7) a miei Meta) 


metal contact surfaces and with small bolts, the val 


is small and 
tension. 
Ther 
its length, or by turn 
diameter of threads. 
Power Scre 
Maximum efficiency 9 


s initi 

esilience of a bolt can be increased by ine 

ing down the shank of bolt to Ne 
e Oo 

ws. Used for transmission , 


f square threaded power Or loa 


crey . 


1-tand where 6 = friction angle. For a power Screw { 
1+ tan 0 0 he 


self locking 
or efficiency sS 


angle should be greater than helix angle of thr 
hould be less than 50%. ead 
Keys. Key is used to prevent relative motion ofa shaĝ 
and the member to which it 1s connected. Choice of, 
particular key depends on power requirements, tightness ¢ 
fit, stability of connection and cost. Various types of keys are. 
square, flat, kennedy, woodruff, round, spline fitting, etc, | 
Width of key is usually taken as one-quarter the 


diameter of the shaft. 


Riveted Joints 
Riveted joints make a connection that has strength to 


prevent failure of the joint and tightness to prevent leakage. 

A safe rivet joint is designed on the basis of simple tension of 

the plates, shear of rivets and bearing at the rivets and plates, 

using allowable stresses. Modes of failure of riveted joint are: 
bending of plate, rupturing of plate by tension, shearing of 
rivets, crushing of rivets or plates, shearing of margin, tearing 
of margin. 
The joint in which plates to be fastened are placed 
one over the other and riveted by one or more rows of rivets, 
is known as lap joint. According to number of rows, it is 
called single riveted lap joint or double riveted lap joint. 
The joint in which plates to be fastened are butted 
together and riveted with cover plates on one side or both 
sides, is known as butt joint. Butt joints with single cove! 
plate are known as single cover butt joint, etc. 
The rivets in riveted joints may be arrang 
one of the following ways : . 
___ (i) Chain riveting. In this arrangement, the rivel 
in adjacent rows are opposite to each other. 
= (i) Zig-zag riveting. In this arrangeme” 
in adjacent rows are not opposite to each other bu 
staggered. 

_ (iii) Diamond riveting. In this a 
rivets in adjacent rows may not be opposi 
but outermost row contains only one rivet. 

_ Important Technical Terms used in 
Joints 
i ; he rive! 
(i) Nominal diameter. The diameter of t 

when cold is called nominal diameter. 
___ (it) Gross diameter. The diameter of the 
it is fully inserted in the rivet hole is called 87°%° | sopt 

(iii) Edge distance. The distance betwee” 3 
of the outermost rivet and nearest edge of the me 
cover plate is, called the edge distance. 


ed in any 


t, the rivet 
t these a! 


t 
rrangemen” 
te to each other 


pivete? 


rivet W 
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the resultant load is due mainly to he ty | 











j 


EAAS: KES wee g ~~ 


E adjacent 
| Spacing 


a (pitch 
hole. 
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The distance between the edges of two 


(iv) eee or between the joints and the ends of the 


Cae measured at right angles to the joints, is called 
cover P 


») Gauge line. The line of rivets parallel to the 
n of stress, İS called gauge line. 

Gauge distance. The perpendicular distance 
djacent gauge lines, is called the gauge 





(vi) 


e. 
(vii) Pitch. The distance between the centres of 
rivets in the same row, is called pitch of rivets. 


of Rivets 
(1) The distance between centres of adjacent rivets 
) should not be less than 2.5 times the diameter of rivet 


(2) The distance between the centres of two adjacent 
rivets (including tacking rivets) joining the members both in 
compression or in tension should not exceed 32 t or 300 mm 
whichever is less, where ‘t’ is the thickness of the cover plate. 


(3) The distance between the centres of two adjacent 
rivets in the direction of stress shall not exceed 16 ¢ or 200 
mm whichever is less in tension and 12 ¢ or 200 mm whichever 
is less in compression. 

(4) Edge distance should be minimum 1.5 d. 


According to Unwin formula 


d =6.05Jt 
where, t = thickness of plate in mm 
The failure of a riveted joint may be due to 
(a) tearing (b) bearing 
(i) Resistance to tearing 
P,=s,x(p—d) xt 
where, s, = safe tensile stress in plates, 
p = pitch length 
d = gross diameter of rivets and 
t = thickness of plate 
(it) Resistance to bearing 


(c) shearing 


P,=nx Sp X axt 
where, n = number of rivets per pitch length 
S, = safe stress in bearing 
d = gross diameter of rivets and t = thickness of plate 
(tit) Resistance in single shear 
2 





F. = ir x S; x 
wh ws : 
ere, n = number of rivets per pitch length 
S, = Safe shear stress and 
d = gross diameter of rivet 
w) Resistance to double shear 
2 


( 


P =nxs x 





Effici The least value of P,, P, and P, is called rivet value. 
tency of a joint 
= River value 
Strength solid plate 





x 100=2= x 100 
p 
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Ifa bracket connected to a column with n rivets carries 
an eccentric load W at a distance ‘e’ then each rivet is 


subjected to the resultant of the direct force at and a 
n 


tangential force at right angle to the line joining the centroid 


; o. W 
of the rivets and the rivet is equal is to 7 ss where r = radial 
Tr 
distance of the rivets from c.g. of rivet group. 


Welded joint 


The joint of two pieces of similar metal by heating 
them to fusion along with an additional metal called filler, 
to form a homogeneous mass, is known as welded joint. 

Welded joints are of two types : 

1. Butt welded joints 
2. Fillet welded joints. 
1. Strength of fillet weld = L x t x s, 
where, L = Effective length of the weld, 
t = Effective throat thickness of the weld. 
s, = Permissible shear stress i.e., 1025 kg/cm? 


Design of a fillet weld 
1. Size of weld : 
Thickness of thicker part Minimum size 
Upto 9.5 mm 3mm 
over 9.5 mm and upto 19 mm 5mm 
over 19 mm and upto 32 mm 6 mm 


For square edge, max. size of weld should not be more 
than the thickness of the edge minus 1.5 mm. 


For rounded toe of rolled sections, not more than “ x 


thickness of the toe. 

2. The lap of a joint should not be less than 5 times 
the thickness of thinner member. 

3. The length of side fillets (if only used) should not 
be less than perpendicular distance between them. 

4. The transverse spacing of side fillets should not 
exceed 16 times the thickness of thinner plate unless end 
fillets and/or slot welds are provided. 

Beams 
For a typical beam (refer Fig. 10.8), 


w dy, S _@y M_1_ dY. 8y Ap, 
EI dx*’ EI d EI R dx’ dx 
where, 


; y 
The bending stress at y from neutral axis s = T: 


x = distance along beam 
y = deflection normal to x 
i = slope of beam = dy/dx 
R = radius of curvature 
S = shear force 
M = bending moment 
w = load per unit length 
W = concentrated load 
] = second moment of area of beam, 


and, ŒE = Young’s modulus 
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For a beam with several loads, the shear force, bending 
moment, slope and deflection can be found at any point by 


adding those quantities due to each load 





Fig. 10.8 


If there are two or more spans, 


using ‘equation of three moments’ (or Clapeyro 
Bending of thick curved bars, rings and crane hooks 


If M acts as shown in Fig. 10.9: 
Stress on inside of curve 

S,= M 1- Yi 
AR R- Yi 


Stress on outside of curve 


-Hfi 
o~ AR 


where, value of h2 are as given below: 
dA R2 
R+y 





Yo 


R + Yo 





R’ 
: a 
General: ht = ) | 


| 








Rs f2 
Rectangle: h’ = D n| iia 4 _ R2 





Fig. 10.10 


D 





the solution is found 


MECHANICAL Eno 
w 


acting separately. 


Bo 
D2 
D, 
x. 
B, R 
Fig. 10.11 
2R? 


jie ese 
Circle (R į (R? E E )) 


n’s equation). 


2 
= | Fig. 10.12 


Stress in a crane hook 


There is a bending stress due to moment Wa anda 


direct tensile stress of W/A at point P. 





Fig. 10.13 
Inside, tensile stress 


- We] Yi 


2 
ap Ma Rca yA 
AR |(R-y;) h’ 
Outside, compressive stress 
2 
8,217 eo - WIA 
AR| +R) k 
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pest oF MACHINE ELEMENTS 
E springs . | Total shear stress induced in helical spring 
A spring is an elastic member which stores energy 8FD 
| d provides a force over a distance by elastic deflection. = TXK 
5 Helical springs are made up of round or rectangular wire nd 
f Fennd to form a helix. where, K = Wahl’s stress factor 
; Helical springs take up axial loads and in some cases s 
take up torque also. 4C =I _ 0.615 | HRR i 
A leaf spring comprises a flat plate fixed at the centre ~ 464 C index = 7 
and loaded at both ends and thus acting as double cantilever. 
Generally leaf springs are made by fastening a number of (Refer Fig. 10.14) 
strips of uniform section and different length to obtain Deflection of helical spring 
yniform strength spring. ; 
; . 8FD*n 
Spiral springs have low spring rate and are capable TTA 
of storing energy. They are used in clocks, electrical Gd 
instruments etc. Stiffness of the spring 
Si - pete Gd* 
5 8D°n 






Energy stored per unit volume in helical spring 


| 5 





4 fp g 2 

l 2 o- Free D| _ S 
-F = ® 

8 Flat or Leaf Springs 





These springs can function as structural members in 
addition to being energy absorption devices and as such these 
find widespread use in automobiles. Laminated steel spring 


F is usually of semi-elliptical type. The leaves are usually held 
i together by a centre bolt and are prevented from lateral 
JILIIIIIYIIILIA shifting by clips. 

D The deflection of the leaf spring is 

wo 

J- 12F1? 

D Bag 
z bt°E[2N, +3N;] 
O 


F 
Fig. 10.14. Helical spring. 


je—— Loaded length —— 
| | 
| i 


Datum Centre 
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1 
where, F = load at eye = z max. central load 


1 = total effective length of spring 

b = width and 

t = thickness 

N; and N, are member of graduat 

A shaft is a rotating member, usua 
section (either solid or hollow), transmitting power. 

Shafts may be sized on the basis of either strength 
(stresses and deformation) or both strength and rigidity 
(lateral deflection and torsional deflection). 

Hollow shafts considerably reduce welg 


noticeably affecting the section modulus. 
For values of di/do between 0.4 and 0.5 hollow shafts 


while markedly lighter in weight have a negligible effect on 
the magnitude of section modulus. 
A flywheel is a heavy rotating body which acts as 
reservoir for absorbing and redistributing kinetic energy. +ne 
function of a flywheel is to keep the speed of machine between 
given limits while the machine is doing work or receiving 
energy at a variable rate. 
If 
W = weight of flywheel, 
k = radius of gyration of flywheel 
N = mean speed of flywheel 
N, = max. speed 
N, = min. speed 
œ = angular velocity, 
Fluctuation of energy 
W .o[ 2nN] 
Wid Ea x 20, 
N,-No is called coefficient of 
| N fluctuation of speed A 


Coefficient of fluctuation of energy 


Max. fluctuation of ener 
BY Z 2C, 


ed and full leaves 
lly of circular cross- 


ht without 


D = mean dia. 


~ “Mean energy of flywheel 


Stress in flywheels 
Flywheels are used to store large amounts of energy. 


For thin ring, tangential stress 
s, = pv? = pr? o? 
where, p = density 
r = mean radius and 
v = tangential velocity = r@ 





pressure between 
determined by the 


assists in applying the 


self-locking type for clockwise rotation 0 
Fig. 10.18) 


Belting 






MECHANICAL Enae 
ai Reih N H 


Fo 


r solid disk, maximum tangential , i 
n : 
stress (S,) d "aig 


p 28, pv? (3 + v)/8 at r =0 
son’s ratio 


where, v = Pois . 
lar wheel having small axial length 


For annu 
(3 +v) (l—v)/[?r $ 

= pU í Eai (at r) 
(3+ v) r a 
T — as a 

= pu” 1 i (2) (atr= rr ) 


where, UV = T30 


Fig. 10.17 


Brakes 
The important factors in the design of friction brakes 


are coefficient of friction between the braking surfaces, unit 
these surfaces; and their capacity is often 
heat dissipating capacity. 

d brake the tension in the band 


} 


In differential ban 
brake as shown in Fig. 10.18 
F(x - ze?) 


P= (F, =F,-F) 





Fig. 10.18 


pecon!’ 
ake “(Rell 


If x is equal to or less then ze!® then br 
f drum. 


If the slippage and stretching of a belt can be conte. 
the pelt dri 


then maximum power will be transmitte by 


Fig. 10.16 
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| gn OF MACHINE ELEMENTS 
l The length of open belt 
Drd (D-dy 
2C + 2 aC 


(C = distance between two pulleys) 
The length of the crossed belt 


(D +d)? 


~2C + =(D+d)+ 
2 4C 


(Refer Fig. 10.19) 


a, 
R(x + 2a) Se 
Wa 





Effective belt pull 


9—1 
F,-F, =(F,-F,) gue 


F, F, and F, are tight, loose and centrifugal tensions. 


For the efficient transmission of power, the belt speed 
should not exceed 20 m/sec to 22.5 m/sec. 


Fig. 10.19 


: : 1 
When the horse power transmitted is maximum, + rd 


of the maximum tension is absorbed as centrifugal tension. 
Wire ropes 


Rope drive is best suited for applications where large 
amount of power is to be transmitted over longer distances. 
Wire ropes are made from cold drawn wires which are first 
wrapped into strands, and the strands then wrapped into 
helices about a core or central element. This type of 
construction enables the rope to be wrapped around a pulley 
without undue bending stresses in the wire. 

Wire ropes formed from strands are known as double 
lay ropes. Ropes may be classified according to the direction 
of twist of the individual wires and that of strands relative 
to each other. Three types of windings are in use : 

(i) Cross or regular lay ropes. In this case the direction 
of twist of wires in the strands is opposite to the direction of 
twist of the strands. This is the most popular type. 

| (ii) Parallel or lang lay ropes. In this case the 
directions of twist of the wires and strands are the same. 
_The regular lay, though having short life, does not 
Untwist or spin under load as much as lang lay. 
On the other hand, lang lay rope has better bearing 


| ee but is harder to splice and twists more easily when 


Oaded. 


oe These are more flexible and resist wear more 
i Eve As these have tendency to spin, these are used in 
and hoists with guide ways and also as haulage ropes. 


(iii) Composite or reverse laid ropes. In this case the 
wires in two adjacent strands are twisted in the opposite 
direction. 


Wire ropes are designated by the number of strands 
and the number of wires in each strand, its diameter, type of 
construction and its grade. The diameter of the rope is that 
of the smallest circle enclosing it. 


Sliding Contact Bearings. A lubricant is inserted 
between shaft and bearing to reduce frictional and wear and 
to carry away heat generated. 


Positive pressure can be built up and load supported 
by a fluid only by the use of converging film. 


Coefficient of friction (f) for a journal bearing can be 


expressed as 
aN d L 
/ -ol p oF 


where, Z = absolute viscosity of lubricant 
N = speed of journal 
p = bearing pressure on projected bearing area 
d = diameter of journal 


c = difference between diameter of bushing and 
diameter of journal. 


aN is termed as bearing characteristic number. 
p 
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In Fig. 10.20, ab 
represents the region of i S 
fluid-film lubrication (stable | 


operating range). For be, d 
partial metal to metal 
contact occurs. Region cd is Cb 
boundary lubrication 2N 
condition where only a ia 
oiliness of lubricant is 

Fig. 10.20 


effective in preventing 
complete metal to metal contact. Bearings are designed for 
operation in the range ab. 

Clearance in a bearing should be small enough to 
provide the necessary velocity gradient, so that the pressure 
built up will support the load. L/d ratio is usually taken 
between 1 and 2. 

Important properti 
bushing material are low friction proper 
strength, fatigue strength, conformability, 
bonding and corrosion resistance. 

Sommerfeld number (Bearing characteristic number) 
is a dimensionless quantity which unites in one variable most 

of the factors affecting design of bearing and this is 


ie 
C P 


where, R = radius of journal 
c = radius clearance (bearing radius — journal radius) 
u = absolute viscosity 
n = speed of journal 
p = pressure on projected bearing area 


es to be considered in selection of 
ties, compressive 
embeddability, 


S 


Bearing Life 

The life of a bearing is usually expressed in millions 
of revolutions. Sometimes it is also expressed as number of 
hours at various relative speeds. 

Life of ball/roller bearing (L) is inversely proportional 
to the k power of the radial load (F). 


i Le = 
à l 
L A h (L 


For ball bearings the value of constant k is 3 and for 
roller bearings it is taken is 3.33. 


Properties to be considered in selection of materials 


Strength. It is measured by the tensile sensible 
strength. To guard against permanent deformation, the 
elastic limit is considered. For ductile materials, yield i 
is used instead of elastic limit. =e 


Rigidity. It is important wh i Te 
bisae sn lir ere deflections are limited 


roe Ce dee to fatigue. It is measured by endurance 
portant for members subjected to cyclic loading 


Harmful surfa 
ce eff 
heat treatment. oer ee carefully controlled during 


Dampi ; , 
heat bya ate wih ae els energy dissipated as 
ea oi the material durin 

ey 8 a completely 





~~ ee ee TMA ENGINE gp, 
eri AiE 







le of stress. It is related to internals: 
reversed cyc -esented by a mechani fri tin 
the material and is rep by hanical-hy ih 
diagram. High damping cap acity is desirable to der, 88 
vibration, chatter and noise. Teas, 

Resilience: It is important in cases where mati 
is subjected to shock loading. | etig | 

Hardness. It limits wear and is of importan | 
bearing surfaces which have relative motion and jp ce iy 
fluid lubrication does not exist. Ductility is desirable ty k lich 
stress concentration in parts subjected to static loading eve 

Corrosion resistance. It is important in te 

j ironment. Its effect i Derg 
subjected to corrosive envl ct is espedi 
serious in the presence of stress concentration in eydi 
loading. 
Other such considerations depending on applicatio, 

e weight, electrical properties, thermal Properties 
resistance to wear, casting and forging characteristig, 
machinability, low friction etc. l 

Cast Iron. It is the cheapest of the cast metals and 
ast into any S1Ze and form. 
Gray iron is easily machinable but is not as abrasive 


wear resistant as chilled iron. 

White iron is hard and difficult to machine. 

Chilled cast iron 1s produced by rapid cooling to provide 
hard wear-resistant surface. 

Cast iron has high damping capacity, making it 
suitable for beds, bases and frame of machinery subjected to 
vibrations. 

Malleable iron. It is made by transforming white- 
iron castings by heat treatment that converts it into a matrix 
of ferrite containing nodules of temper carbon, and thus it 
becomes tough and ductile, resistant to impact, and easily 
machinable. 

Wrought iron. It is a mechanical mixture of highly 
refined metallic iron and a small quantity of slag. 

It is resistant to corrosion in ordinary atmospheres 
and welds readily. 

Cast steel. It is used for castings of improved 
properties. It is stronger and tougher, weighs less for the 
same strength or stiffness, and has a higher endurance limit 
than cast iron. Corrosion resistance can be improve y 
alloying. 

_ Wrought steel. A large variety of wrought steels at 
available. Mechanical properties can be markedly controllé 
by the composition and heat treatment. It may be fore”’ 
swaged, drawn, welded and machined. It finds innumera ‘ 
applications in engineering. 

Brass and bronze are used in machinery parts 
ae porn aa form. Brass is used where m 
Ta Pari resistance to corrosion oF good : ‘hese 
onat ee Bronze is Superior to brass 1 ze bas 
relatively hi nas orn Rca eae roo pao a jimit 
and ase — een yield point, endure 

stance properties. 


` o P 
dasi Aluminium and its alloys have variety of use>- fe 
a amum resists oxidation, is highly ductile an has 8 es 

rmng properties, but it has poor casting character 
and machining properties. 


ar 


can be easily c 
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m-copper alloys have high ultimate strength 
4 qurance limit and improved casting characteristics 
and eP chinability, but poor corrosion resistance. Aluminium- 
3 | a have better corrosion resistance and mechanical 
: silico „ties but poorer machinability. Duralumin (aluminium- 
prope agnesium and manganese alloy) is suitable for parts 
orking and has good corrosion resistance 


Ajuminiu 


Magnesium alloys are corrosion-resistant in salt free 
q atmosphere; and galvanic corrosion can be prevented by 
coatings: These can be cast, wrought or extruded and their 
weight is around one-fifth that of steel. 

Titanium alloys are developed for useful strength 
E and corrosion resistance at temperature range between 
-930°C and 540°C. 


1. The ultimate strength of steel in tension in 
comparison to shear is in the ratio of 


wsl Waid 
(c)3:2 (a) 23 
fe) Lid. 


9. The permissible stress for carbon steel under static 
loading is generally taken as 
(a) 2000-3000 kg/cm? (b) 3000—4000 kg/cm? 
(c) 4000-7500 kg/em? (d) 7500—10,000 kg/cm? 
(e) 10,000-15,000 kg/cm”. 
3. The property of a material which enables it to resist 
| fracture due to high impact loads is known as 
$ (a) elasticity (b) endurance 
| (c) strength (d) toughness 
(e) resilience. 
| 4, For a long and narrow cross section (i.e., ratio of b/t, 
breadth b and thickness t above 10) bar subjected to 
torsion T, the value of maximum shear stress will 





be 
T F 
(aq) — b 
| bt? 1b) 2bt? 
2r 3T 
: Cato Epen 
bt? bt? 
| (e) a 
2b? 


5. For a rectangular cross-section beam subjected to a 
shearing force F, the maximum shearing stress 





| induced will be 
F 
(a) F 2F 
| De 2bt 
i e) none of the above. 
i 6. z a circular cross-section beam subjected to a 
p Shearing force F, the maximum shear stress induced 
4 will be 
| (aye oy 4F 
E nd? rd? 
r ; c) T (d) F 
A nd? And” 
E (e) SE 
a nd? 


an 


MULTIPLE CHOICE QUESTIONS 
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. Rubber. It is an excellent material for seals and 
diaphragms for water-lubricated bearings, for parts subjected 
to vibratory forces. It should be protected from high 
temperature, oil and sunlight. 


. Non-metallic materials. Plastics have low cost, light 
weight, good resistance to shock and vibration, self- 
lubrication, ease of fabrication. However, these have low 
strength, high thermal expansion, low heat resistance, high 
creep and deformation under load and embrittlement at low 
temperature. 


Fibreglass (combination of glass, filler and resin) has 
high tensile strength and corrosion resistance. It has replaced 
steel metal in both flat plate form and in matched-metal-die 
processes where the parts are moulded in the preformed 
shape. 






7. In bending of a beam, transverse shearing stresses 
are induced between the elements or fibres, if the 
bending moment is 
(a) constant (b) varies 
(c) increases (d) decreases 
(e) depends on other conditions also. 

8. When two cylinders of radii R and r are in axial 
contact with their axes parallel under force F, the 
area of contact being a rectangle of width b and 
length L, then the value of maximum pressure on 
the contact strip is equal to 


6) S 
TDL OnbL 

t) 2E TE 
nmbL bL 

(e) F : 
bL 


9. The distribution of pressure on the contact area in 
the above case will be 


(a) straight line (b) circular 


(c) elliptical (d) parabolic 
(e) none of the above. 
10. A hot short metal is 
(a) brittle when cold (b) brittle when hot 


(c) brittle under all conditions 
(d) ductile at high temperature 
(e) hard when hot. 

11. If the end of an elastic bar is struck axially by a 
hammer, a compressive wave develops that travels 
at the speed of sound in material equal to 


(a) 2 (b) E 

P p 

i 2E 
(c) (=) (d) = 
p 

(e) 2E 
where, E= modulus of elasticity 
and p = mass density. 


pplicable for following 
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12. Guest’s theory of failure is a 
type of materials 


7 


(a) brittle 


(b) ductile 
(c) elastic (d) plastic 
(e) tough. 


13. Rankine’s theory of failure is applicable for following 
type of materials 


(a) brittle (b) ductile 
(c) elastic (d) plastic 
(e) tough. 


14. Ifan unsupported uniform cross sectional sees ied 
is subjected to a longitudinal impact from a rigi i 
moving with velocity v, then a compressive s 
intensity s, is propagated through the bar as 10 0 


(a) vpE (b) v vE 
(c) vy pE/2 (d) 2v’ ypE 


(e) none of the above. 
where, E = modulus of elasticity 
and p = mass density. 

15. Tensile strength of a mild steel specimen can be 

roughly predicted from following hardness test 

(a) Brinell (b) Rockwell 

(c) Vicker (d) Shore’s sceleroscope 

(e) none of the above. E 

Resilience of a material is important, when 1t 1S 

subjected to , 

(a) combined loading 

(c) thermal stresses 
(e) shock loading. 

17. In the case of an elastic bar fixed at upper end and 
loaded by a falling weight at lower end, the shock 
load produced can be decreased by 
(a) decreasing the cross-section area of bar 
(b) increasing the cross-section area of bar 
(c) remain unaffected with cross-section area 
(d) would depend upon other factors 
(e) none of the above. 

18. Other method of reducing shock load in the above 
case (Problem 17) can be 
(a) to decrease length 
(c) unaffected by length 
(d) other factors would decide same 
(e) none of the above. 

19. Yet another method to reduce shock load in the above 
example (Problem 17) can be 

(a) to decrease E (modulus to elasticity) 

(b) to increase £ 

(c) E has no effect on it 

(d) other factors also re 

deciding same 

(e) none of the above. 

If a load W is applied instantane 


cross section A, then the Stress in 
worst case will be 


(a) LA 
A 


16. 


or 


(b) fatigue 
(d) wear and tear 


(b) to increase length 


quire consideration in 


20. 
ously on a bar of 
duced in the bar in 


(b) = 
(c) 2W 
A 


MECHANICAL Bae. s 
È 


d) 2W < (a factor greater than unity) 


none of the above. 


(e) f resilience 
21. The shear modulus 0 i: Materia) 
" proportional to 2 “4 


(a) shear stres 


(d) fs, 


(c) 83 
le) $3. tudinal strain in a material is q 
udl . Oubla . 
22. NE to lateral strain, then ratio of meet 
of rigidity to elasticity will be Uy 
0 0 20 (b) 0.25 
= a (d) 0.40 
c) U. 
(e) 0.50. 


23. Ifaload Wis applied instantaneously on a bar: he 
) the stress induced in bar will 
(a) be independent of ratio of mass of load Wty i 
of bar (y) . | 
(b) increase with increase in y 
(c) decrease with decrease in y 
(d) depend on other considerations 
(e) none of the above. 

24. Ifa prismatic bar having an elliptical hole in centre 
with semi-major axis b perpendicular to direction of 
loading and semi-minor axis c along the direction of 
loading is subjected to pull F, then the maximum 
stress induced at edge of the hole will be 


as [1+2] (b) s (1+) 
c c 
@s(1+>| as (1+ =| 
2c C 
(e) s È) 
3c 


where, s = stress for uniform bar having no hole. 


25. In above case, if hole is circular one, then maximum 
stress at edge of hole will be 


(a) s (b) 2s 
(c) 3s (d) 4s 
(e) 2.5s. 


26. Brittle coating technique is used for 
(a) determining brittleness 
(b) protecting metal against corrosion 
(c) protecting metal against wear and tear 
(d) experimental stress analysis 
” M non-destructive testing of metals. 
` 'Tess concentration is caused due to 


(2) variation in properties of material from p° 
point in a member 


(b) pitting at points or areas at which loads 
member are applied 
(c) abrupt change of section 
(d) all of the above (e) none of the ois e 
wine endurance limit of a material with Aae 
© n comparison to rough surface is 


int {0 
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29. 


30. 


3l. 


32. 


33. 


34. 


35. 


36. 


37. 


SIGN OF MACHINE ELEMENTS 


(a) more (b) less 

(c) same 

(d) more or less depending on quantum of load 

(e) unpredictable. 

Plastic flow in ductile materials 

(a) increases the seriousness of static loading stress 
concentration 

(b) lessens the seriousness of static loading stress 
concentration 

(c) has no effect on it 

(d) depends on other considerations 

(e) none of the above. 

The maximum stress due to stress concentration in 

a bar having circular transverse hole, as compared 

to its static stress without hole will be 

(a) same in both cases 

(c) 3 times more 

(e) unpredictable. 


The fatigue life of a part can be improved by 
(a) electroplating (b) polishing 

(c) coating (d) shot peening 
(e) heat treating. 


(b) 2 times more 
(d) 4 times more 


Stress concentration in static loading is more serious 
in 

(a) ductile materials (b) brittle materials 

(c) equally serious in both cases 

(d) depends on other factors 

(e) unpredictable. 

Stress concentration in cyclic loading is more serious 
in 

(a) ductile materials (b) brittle materials 

(c) equally serious in both cases 

(d) depends on other factors 

(e) unpredictable. 

Endurance limit or fatigue limit is the maximum 
stress that a member can withstand for an infinite 
number of load applications without failure when 
subjected to 

(a) dynamic loading (b) static loading 

(c) combined static and dynamic loading 

(d) completely reversed loading 

(e) all of the above. 

Pick up wrong statement. Fatigue strength can be 
increased by 


(a) cold working (b) shot peening 
(c) grinding and lapping surface 
(d) hot working 


(e) using gradual changes of section. 

Which of the following is not correct procedure to 
increase the fatigue limit ? 

(a) cold working (b) shot peening 

(c) surface decarburisation 

(d) under-stressing 

(e) all of the above. 

Coaxing is the procedure of increasing 

(a) metal strength by cycling 





(b) metal hardness by surface treatment 

(c) metal resistance to corrosion by coating 

(d) fatigue limit by overstressing the metal by 
successively increasing loadings 

(e) none of the above. 


38. Which is correct statement ? 


Stress concentration in static loading is 

(a) very serious in brittle materials and less serious 
in ductile materials 

(b) very serious in ductile materials and less serious 
in brittle materials 

(c) equally serious in both types of materials 

(d) seriousness would depend on other factors 

(e) none of the above. 


39. The notch angle of the Izod impact test specimen is 


(a) 10° (b) 20° 
(c) 30° (d) 45° 
(e) 60°. 
40. In Vicker’s hardness testing, the pyramid indentor 
apex is 
(a) 40° (b) 122° 
(c) 136° (d) 152° 
(e) 161°. 


41. Which is correct statement ? 


Stress concentration in cyclic loading is 

(a) very serious in brittle materials and less serious 
in ductile materiais 

(b) very serious in ductile materials and less serious 
in brittle materials 

(c) equally serious in both types of materials 

(d) seriousness would depend on other factors 

(e) none of the above. 


42. In testing a material for endurance strength, it is 


subjected to 
(a) static load 
(c) impact load 
(d) static as well as dynamic load 
(e) completely reversed load. 


(b) dynamic load 


43. Ifa material fails below its yield point, failure would 


be due to 
(a) straining (b) fatigue 
(c) creep (d) sudden loading 


(e) impact loading. 


44. The fatigue limit of a material 


(a) is greatly decreased by poor surface conditions 
(b) remains same irrespective of surface conditions 
(c) depends mainly on core composition 

(d) is dependent upon yield strength of material 
(e) none of the above. 


45. Cold working 


(a) increases the fatigue strength 

(b) decreases the fatigue strength 

(c) has no influence on fatigue strength 

(d) alone has no influence on fatigue strength 
(e) none of the above. 
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46. Yield point in fatigue loading as compared to static 


loading is 
(a) same 

(c) lower 
(d) depends on other factors 
(e) none of the above. 


(b) higher 


47. Residual stress in materials 


(a) acts when external load is applied 

(b) becomes zero when external load is removed 
(c) is independent of external loads 

(d) is always harmful (e) is always beneficial. 


48. The building up of worn and undersized parts, 


subjected to repeated loads by electroplating is 
(a) best method (b) extremely hazardous 
(c) has no effect as regards fatigue strength 

(d) cheapest method (e) all of the above. 


49. In nitrided parts, the origins of the fatigue cracks 


will occur at 

(a) surface 

(c) within the core 
(e) none of the above. 


(b) just below the surface 
(d) could occur anywhere 


50. Which process will increase the fatigue duration of 


parts ? 

(a) finishing and polishing 

(b) shot-peening (c) decarburisation 
(d) electroplating - (e) all of the above. 


51. Which is correct statement ? 


(a) a member made of steel will generally be more 
rigid than a member of equal load-carrying 
ability made of cast iron 

(b) a member made of cast iron will generally be 
more rigid than a member of equal load carrying 
ability made of steel 

(c) both will be equally rigid 

(d) which one is rigid will depend on several other 
factors 

(e) none of the above. 


52. Resistance to fatigue of a material is measured by 


(a) Young’s modulus (b) coefficient of elasticity 
(c) elastic limit 
(d) ultimate tensile strength 


(e) endurance limit. 


53. In most machine members, the damping capacity of 


the material should be 
(a) low 

(c) high 

(e) none of the above. 


(b) zero 
(d) could be anything 


54. The ratio of endurance limit in Shear to the 


99. 


endurance limit in flexure is 


(a) 0.33 (b) 0.4 
(c) 0.5 (d) 0.55 
(e) 0.6. 


For steel, the ultimate strength in shear 
to ultimate strength in tension is 


(a) same ©) 1/2 


as compared 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


Rey, j 






(c) 1/3 (d) 1/4 


(e) 2/3. E 
The endurance limit in shear of carbon , 
btained by multiplying the enduranes ey 
© lim; Uf 
hit. 


sez by a factor of 

(a) 0.25 (b) 0.45 i 
(c) 0.55 (d) 0.65 

(e) 0.75. 


At low temperatures (say 75°C) the ii 
impact value of steel hed. 
(a) increases markedly (b) decreases Marken | 
(c) remains same edly 
(d) depends on heat treatment carried oat 
(e) none of the above. 
A bolt | 
(a) has a head on one end and a nut fitted : 
other 0 the 
(b) has head at one end and other end fits ” | 
tapped hole in the other part to be joined | 
(c) has both the ends threaded 
(d) is provided with pointed threads | 
(e) requires no nut. | 
The crest diameter of a screw thread is same as | 
(a) major diameter (b) minor diameter | 
(c) pitch diameter (d) core diameter 
(e) none of the above. 
If d is the diameter of bolt hole then for a flanged 
pipe joint to be leak proof, the circumferential pitch 
of the bolts should be | 


| 
(a) 10Vd (b) 10Vd to 154d 
(c) 15Vd to 204d (d) 20Jdto 304d | 
(e) 30/d to 40Vd. | 


Maximum principal stress theory is applicable for 

(a) ductile materials (b) brittle materials 

(c) elastic materials (d) all of the above 

(e) none of the above. 

The following type of nut is used with allen bolt 

(a) allen nut (b) hexagonal nut 

(c) slotted nut (d) castle nut 

(e) any one of the above. 

A stud 

(a) has a head on one end and a nut fitte 
other erg, 

(b) has head at one end and other end fits 1» 
tapped hole in the other part to be jou’ 

(c) has both the ends threaded 

(d) has pointed threads (e) requires loc 

Shear stress theory is applicable for 

(a) ductile materials (b) brittle ma 

(c) elastic materials (d) all of the above 

(e) none of the above. 

A tap bolt 


(a) has a head on one end an 
other 


d to the 


King 0 


the 
d a nut fitted t 
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(b) has head at one end and other end fits into a 
tapped hole in the other part to be joined 

(c) has both the ends threaded 

(d) has pointed threads 

(e) requires locking devices. 

For applications involving high stresses in one 

direction only the following type of thread would be 

best suited 

(a) ISO metric thread (b) acme thread 

(c) square thread (d) buttress thread 

(e) British association thread. 


The included angle in unified of American National 
threads is 

(a) 60° (b) 55° 

(e) 475° (d) 29° 


(e) none of the above. 


The included angle in Acme threads is 
aad (b) 55° 
(c) 474° (d) 29° 


(e) none of the above. 

The function of a washer is to 

(a) provide cushioning effect 

(b) provide bearing area 

(c) absorb shocks and vibrations 

(d) provide smooth surface in place of rough surface 

(e) act as a locking device. 

Cap screws are 

(a) similar to small size tap bolts except that a 
greater variety of shapes of heads are available 

(b) slotted for a screw driver and generally used 
with a nut 

(c) used to prevent relative motion between parts 

(d) provided with detachable caps 

(e) similar to stud. 

An allen bolt is 

(a) self locking bolt (b) same as stud 

(c) provided with hexagonal depression in head 

(d) used in high speed components 

(e) provided with countersunk head. 

The deflection of a cantilever beam under load W 


is 8. If its width is halved, then the deflection under 
load W will be 


(a) 28 

(c) 48 

(e) none of the above. 
Ball bearing type screws are found in following 
application 
(a) screw jack 
(c) crane 

(e) bench vice. 
Set screws are 


(a) similar to small size tap bolts except that a 
(b) greater variety of shapes of heads are available 


slotted for a screw driver and generally used 
with a nut 


(b) 8/2 
(d) 3/4 


(b) aeroplane engines 
(d) steering mechanism 


75. 


76. 


TI. 


78. 


79. 


80. 


81. 


82. 


83. 
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(c) used to prevent relative motion between parts 
(d) similar to stud 


(e) none of the above. 

A self locking screw has 

(a) fine threads 

(b) coarse threads 

(c) coefficient of friction > tangent of load angle 

(d) hole for inserting split pin 

(e) two nuts for locking. 

The designation M 33 x 2 of a bolt means 

(a) metric threads of 33 nos in 2 cm. 

(6) metric threads with cross-section of 33 mm? 

(c) metric threads of 33 mm outside diameter and 
2 mm pitch 

(d) bolt of 33 mm nominal diameter having 2 
threads per cm 

(e) none of the above. 

Machine screws are 

(a) similar to small size tap bolts except that a 
greater variety of shapes of heads are available 

(b) slotted for a screw driver and generally used 
with a nut 

(c) used to prevent relative motion between two 
parts 

(d) similar to stud (e) none of the above. 

Rivets are generally specified by 

(a) thickness of plates to be riveted 

(b) length of rivet (c) diameter of head 

(d) nominal diameter (e) all of the above. 

The rivet head for general purpose 

shown in figure is 

(a) snap 

(c) conuter sunk 

(e) none of the above. 


(b) pan 
(d) flat 


The rivet head for boiler applications 
shown in figure is 
(a) snap 

(c) conical 

(e) ellipsoid. 


(b) pan 
(d) steeple 


The edges of a boiler plate are bevelled to an angle 
of 


(a) 30° (b) 45° 
(c) 60° (d) 80° 

(e) 85°. 

Which of the following is a permanent fastening ? 
(a) bolts (b) keys 

(c) cotters (d) rivets 

(e) screws. 


The type of riveted joint shown in figure is 
(a) double riveted lap joint 

(b) double riveted butt joint 

(c) quadruple riveted lap joint 
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(d) quadruple riveted butt joint 
(e) straight riveted joint. 


84. In order to avoid tearing of the p 
distance from the centre line of the ri 


late at edge, the 
‘vet hole to the 


nearest edge of the plate in terms of dia. of rivet d 


should be equal to 

(a) d (b) 1.25d 
(c) 1.5 d (d) 1.75 d 
(e) 2d. 


85. Ifthe tearing efficiency of a riveted joint is 75%, ore 
the ratio of diameter of rivet to the pitch is equal to 


(a) 0.2 (b) 0.25 
(c) 0.50 (d) 0.6 
(e) 0.75. 


(b) field weld 
(a) tensile strength 

88. The drawing representation shown in figure, for 
(d) chipping finish 


(c) flush contour 
(b) compressive strength 
welding is used to represent 
—_ 
(e) convex contour, 


86. The drawing representation shown in figure, for 
welding is used to represent 
(d) chipping finish P 
(e) convex contour. 
(c) shear strength 
(d) bending strength 
(a) field weld 
(b) weld all around 
89. oan nut is a locking device in which 
a} one smaller nut is tightened over main nut and 


(a) weld all around 
87. Transverse fillet welded joints are designed for 
(e) torsional strength. 
(c) flush contour 
main nut tightened against smaller 


n loosening, creating friction jamming y 
) a slot is cut partly in midd] 

e of nut 
reduced by tightening a screw rnin 


(c) a hard fibre or nylon cott 
and becomes threaded as i 
th 
the bolt causing a tight grip » BMS 18 Screwed on 
(d) through slots are made a 

t top anda in i 
passed through these and a hole in the ar M A 

9 n 


cotter splitted and bent in TE. 
other end verse direction at 


(e) none of the above. 


er 1s recessed in the nut 


"era 
D 


RIN 


90. The pitch of threads on a lock nut in compa; 
pitch of nut 1s 
(a) same 
(c) finer 
(e) very fine. l 
91. The nut shown 1 
(a) slotted nut 
(b) capstan nut 
(c) cap nut 
(d) ring nut 
(e) castle nut. 
92. The screw head shown in figure, is 
(a) machine (b) round 
(c) cheese (d) fillister 


(e) capstan. 


(b) coarser 
(d) very coarse 


n figure, is 





93. Buttress threads are usually found on 
(a) screw cutting lathes (b) feed mechanisms 
(c) spindles of bench vices 
(d) screw jack 
(e) railway carriage couplings. 
94. The bolt shown in figure, is designed for 


mm 


(a) shock loading 

(b) fatigue loading 

(c) avoiding stress concentration 

(d) creep 

(e) uniform strength. 

95. In order to obtain bolt of uniform strength 

(a) increase shank diameter 

(b) increase its length Jed 

(c) drill an axial hole through head upto threa Si 
portion so that shank area is equal to root a! 
of thread 

(d) tighten the bolt properly 

(e) all of the above. 


96. The key shown in figure, is 








(a) Lewis key (b) Kennedy key 
(c) Pin key (d) Barth key 
(e) Woodruff key. jed 0 ut ip? 


87. A key capable of tilting in a recess mil 
shaft is known as 


(a) wood-ruff key (h) feather iey 
(c) flat saddle key (d) gib hee i 
(e) hollow saddle key. 


Scanned by CamScanner 





l DE 





101. 


102. 


103. 


104. 
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100. 


ign OF MACHINE ELEMENTS 


g. Akey made from a cylindrical disc having segmental 
98. 


section, is known as 


oss- 
na wood-ruff key (b) feather key 
(c) flat saddle key (d) gib head key 
(e) hollow saddle key. 


A tapered key which fits in a keyway in the hub and 
is flat on the shaft, is known as 


(a) wood-ruff key (b) feather key 
(c) flat saddle key (d) gib head key 
(e) hollow saddle key. 


Fibrous fracture occurs in 

(a) ductile material 

(c) elastic material 

(e) all of the above. 

Turn buckle has 

(a) right hand threads on both ends 

(b) left hand threads on both ends 

(c) left hand threads on one end and right hand 
threads on other end 

(d) no threads 

(e) threads in middle portion. 

Eye bolts are used for 

(a) foundation purposes (b) locking devices 

(c) absorbing shock and vibrations 

(d) transmission of power 

(e) lifting and transportation of machines and 
cubicles. 

Elastic nut is a locking device in which 

(a) one small nut is tightened over main nut and 
main nut tightened against smaller one by 
loosening, creating friction jamming 

(6) aslot is cut partly in middle of nut and then slot 
reduced by tightening a screw 

(c) hard fibre or nylon cotter is recessed in the nut 
and becomes threaded as the nut is screwed on 
the bolt causing a tight grip 

(d) through slots are made at top and a cotter-pin is 
passed through these and a hole in the bolt, and 


cotter pin splitted and bent in reverse direction 
at other end 


(e) none of the above. 
If d is the normal diameter of a bolt in mm, then the 
initial tension in kg in a bolt used for making a fluid 


tight joint as for steam engine cover joint is calculated 
by the relation 


(6) brittle material 
(d) hard material 


(a) 102d (b) 124d 
(c) 138d (d) 151d 
(e) 168 d. 


E threads on a bolt are left hand, threads on nut will 
e 

(a) right hand with same pitch 

(b) left hand with same pitch 

(c) could be left or right hand 

(d) right hand with fine pitch 

(e) left hand with fine pitch. 


106. 


107. 


108. 


109. 


110. 


111. 


112. 


113. 


114. 


115. 


Taper usually provided on cotter is 


(a) 1in5 (6) 1in 10 
(c) lin 24 (d) 1 in 40 
(e) 1 in 50. 


Applications in which stresses are encountered in 
one direction only uses following type of threads 


(a) metric (6) buttress 
(c) acme (d) square 
(e) BSW. 

The draw of cotter need not exceed 
(a)3 mm (6)5 mm 
(c) 10 mm (d) 20 mm 
(e) 25 mm. 

A bench vice has following type of threads 
(a) metric (6) square 
(c) buttress (d) acme 
(e) BSW. 


The valve rod in a steam engine is connected to an 
eccentric rod by 


(a) cotter joint 

(c) kunckle joint 

(e) gib and cotter joint. 

Split nut is a locking device in which 

(a) one smaller nut is tightened over main nut and 
main nut tightened against smaller one by 
loosening, creating friction jamming 

(b) a slot is cut partly in middle of nut and then slot 
reduced by tightening screw 

(c) a hard fibre or nylon cotter is recessed in the nut 
and becomes threaded as the nut is screwed on 
the bolt causing a tight grip 

(d) through slots are made at top and a cotter-pin is 
passed through these and a hole in the bolt, and 


cotter pin splitted and bent in reverse direction 
at the other end 


(e) none of the above. 

Taper on the cotter and slot is provided 

(a) on both the sides 

(b) on one side only 

(c) on none of the sides 

(d) may be provided anywhere 

(e) none of the above. 

The function of cutting oil when threading a pipe is 
to 

(a) provide cooling action (b) lubricate the dies 
(c) help remove chips (d) all of the above 
(e) none of the above. 

Silver-based solder is used for 

(a) flaring (b) brazing 

(c) soft soldering (d) fusion welding 
(e) none of the above. 

For tight leakage joints, following type of thread is 
best suited 

(a) metric (b) buttress 

(c) square (d) acme 

(e) NPT (national pipe threads). 


(6) bolted joint 
(d) universal coupling 
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117. 


118. 


119. 


120. 


121. 


122. 


123. 


124. 


In order to permit the thermal expansion/contraction 
of tubing, it should be 
(a) crimped 

(c) flared 

(e) none of the above. 
A tube has the following advantage over pipe 

(a) lighter and easier to handle 

(b) greater shock absorption 

(c) smoother inside walls 

(d) all of the above (e) none of the above. 
The strap end of a connecting rod of steam engine 1s 
joined by 


(6) honed 
(b) bent 


(a) gib of cotter joint (b) sleeve and cotter joint 
(c) spigot socket cotter joint 
(d) knuckle joint (e) universal coupling. 


A backing ring is used inside the pipe joint when 
making a 


(a) butt weld (b) fillet weld 
(c) sleeve weld (d) socket weld 
(e) tube weld. 


The shear plane in case of bolts should 
(a) be across threaded portion of shank 
(b) be parallel to axis of bolt 
(c) be normal to threaded portion of shank 
(d) never be across the threaded portion 
(e) none of the above. 
Castle nut is a locking device in which 
(a) one smaller nut is tightened over main nut and 
main nut tightened against smaller one by 
loosening, creating friction jamming 
(b) a slot is cut partly is middle of nut and then slot 
reduced by tightening a screw 
(c) a hard fibre or nylon cotter is recessed in the nut 
and becomes threaded as the nut is screwed on 
the bolt causing a tight grip 
(d) through slots are made at top and a cotter pin is 
passed through these and a hole in the bolt, and 
cotter pin splitted and bent in reverse direction 
at other end 
(e) none of the above. 
When a nut is tightened by placing a washer below 
it, the bolt will be subjected to following type of loads 
(a) compression (b) tension 
(c) shear (d) combined loads 
(e) all of the above. 
Gear box is used 
(a) to produce torque (b) for speed reduction 
(c) to obtain variable speeds 
(d) to increase efficiency of system 
(e) to damp out vibrations. 
arama: plates for cylindrical vessels are 
; o an angle of 80° for 
(a) reducing stress concentration 
(b) ease of manufacture (c) safety 
(d) fullering and caulking 
(e) all of the above. 


125. 


126. 


127. 


128. 


129. 
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131. 


132. 


133. 


134. 






MECHANICAL EN 
Rig : 


The piston rod of a steam engine is usually 
Onn, 


to the crosshead by means of 
(a) bolted joint 

(c) cotter joint 

(e) universal coupling. 
Which of the following pipe joints wou] 
for pipes carrying steam ? 

(a) flanged (b) threaded 
(c) bell and spigot (d) expansion 

(e) compression. 

Spring index is 

(a) ratio of coil diameter to wire diameter 

(b) load required to produce unit deflection 

(c) its capability of storing energy 

(d) indication of quality of spring 

(e) nothing. 

The shearing stresses in the inner face as compared | 
to outer face of the wire in a heavy close coiled spring 
is | 


d be SUitab), 


(a) larger (b) smaller 

(c) equal 

(d) larger/smaller depending on diameter of spring 
coil 


(e) unpredictable. 

Form coefficient of spring is 

(a) ratio of coil diameter to wire diameter 
(b) load required to produce unit deflection 
(c) its capability of storing energy 

(d) concerned with strength of wire of spring 
(e) nothing. 

Spring stiffness is 

(a) ratio of coil diameter to wire diameter 
(6) load required to produce unit deflection 
(c) its capability of storing energy 

(d) its ability to absorb shocks 

(e) none of the above. 

When two springs are in series (having stiffness K), 
the equivalent stiffness will be 


(a) K (b) K/2 
(c) 2 K (d) K/4 
(e) 1/K. 


When a close coiled helical spring is compressed, E 
wire is subjected to 
(a) tension 

(c) compression 

(e) none of the above. 
If a spring is cut down into two springs, t 
of cut springs will be 
(a) half 

(c) double 

(e) none of the above. 
Belt slip may occur due to 

(a) heavy load (b) loose belt 
(c) driving pulley too small 
(d) all of the above 

(e) none of the above. 


(b) shear 
(d) all of the above 


he stiffness 


(b) same 
(d) unpredictable 
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pody is usually fabricated by 
(b) precasting 


s vetting (d) casting 
conventional methods. 





10 springs are in parallel then their overall 
15 finess will be 

5 ) half (b) same 

A Jouble (d) unpredictable 

of the above. 


g) none 
In ydrodynami¢ bearings 
131. the oil film pressure is generated only by the 
: rotation of the journal 
(b) the jl film is maintained by supplying oil under 
pressure 
do not require external supply of lubricant 
ease 18 used for lubrication 
(e) none of the above. 
Antifriction bearings are 
(a) sleeve bearings 
) hydrodynamic bearings 
(c) thin lubricated bearings 
) pall and roller bearings 
(e) none of the above. 
139. Ifp = bearing pressure on projected bearing area, 
, = absolute viscosity of lubricant, and N = speed of 
journal, then the bearing characteristic number is 


~ 
es 
— 


138. 


given by 
(a) ZNIp (b) piZN 
(c) ZipN (d) N/Zp 
(e) ZpIN. 


140. The usual clearance provided in hydrodynamic 
bearing per mm of diameter of shaft is 
(a) 0.01 micron (b) 0.1 micron 
(c) 1 micron (d) 10 microns 
(e) 25 microns. 
141. In hydrostatic bearings 
(a) the oil film pressure is generated only by the 
rotation of the journal 
(b) the oil film is maintained by supplying oil under 
pressure 
(c) do not require external supply of lubricant 
(d) grease is used for lubrication 
(e) none of the above. 


142.01] in ; : 
il in journal bearing should be applied at the point 
Where load is 


k nil or lightest (b) maximum 
i nee (d) any one of the above 
143 e) unpredictable. 
» The rated life of a bearing varies 
a) directly aliad 


inversely as square of load 
; inversely as cube of load 


K inversely as fourth power of load 
hone of the above. 


. n ` 
Oilness bearings 


a) the n; 
rot oil film pressure is generated only by the 
ation of the journal 


l44 


145. 


146. 


147. 


148. 


149. 


150. 


151. 


152. 


153. 


461 





(b) the oil film ; 
" — 
eda 1S maintain 
(c) do not re 
(d) grease r 
vals 
(e) none of the above. 
ewe drive, belt touches 
a 
T ottom (b) at sides only 
c) both at bottom and sides 
(d) could touch anywhere 
(e) none of the above. 
Three different wei 
ghts fall fro in hei 
under vacuum. They will take a 
(a) same time to reach earth 
(b) times proportional to weight to reach earth 


(c) times inversely proportional to weight to reach 
earth 


(d) unpredictable 

(e) none of the above. 

In cross or regular lay ropes 

(a) direction of twist of wires in strands is opposite 
to the direction of twist of strands 

(b) direction of twist of wires and strands are same 

(e) wires in two adjacent strands are twisted in 
opposite direction 

(d) wires are not twisted 

(e) none of the above. 

In standard taper roller bearings, the angle of taper 

of outer raceway is 


ed by Supplying oil under 


bat external supply of lubricant 
quired to be applied after some inter- 


(a) 5° (b) 8° 
(c) 15° (d) 25° 
(e) 40°. 


Ball bearing type screws find application in 

(a) vices (b) screw jacks 

(c) earthmoving machinery 

(d) feed mechanisms (e) steering mechanism. 

In parallel lay rope 

(a) direction of twist of wires in strands is opposite 
to direction of twist of strands 

(b) direction of twist of wires and strands are same 

(c) wires in two adjacent strands are twisted in 
opposite direction 

(d) wires are not twisted (e) none of the above. 

In composite or reverse laid ropes 

(a) direction of twist of wires in strands is opposite 
to the direction of twist of strands 

(b) direction of twist of wires and strands are same 

(c) wires in two adjacent strands are twisted in 
opposite direction 

(d) wires are not twisted (e) none of the above. 

Whether any core is required in wire ropes 

(a) yes (b) no 

(c) sometimes (d) rarely 

(e) very often. 

If shearing stress in nut is half the tensile stress in 

a bolt, then nut length should be equal to 
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155. 


156. 


157. 


158. 


159. 


160. 


161. 


162, 


(a) diameter of bolt (b) 0.75 x diameter of bolt 
(c) 1.25 x diameter of bolt 

(d) 1.5 x diameter of bolt 

(e) 0.5 x diameter of bolt. 

Basic shaft is one 

(a) whose upper deviation is zero 

(b) whose lower deviation is zero 

(c) whose lower as well as upper deviations are zero 
(d) does not exist 

(e) none of the above. 

Basic hole is one 

(a) whose upper deviation is zero 

(b) whose lower deviation is zero 

(c) whose lower as well as upper deviations are zero 
(d) does not exist 

(e) none of the above. 

Standard tolerance unit (i) = 


(a) 0.553/D +0.01 D 
(b) 0.453/D +0.001D (e) 0.553/D + 0.001 D 


(d) 0.4597D +0.01 D (e) none of the above. 


I.S. specifies following total number of grades of 
tolerances 


[D = diameter in mm] 


(a) 18 (b) 16 
(c) 20 (d) 22 
(e) 14. 


In surface roughness, traverse length is the length 
of profile necessary for the evaluation of 

(a) surface roughness (b) surface irregularities 
(c) surface defects (d) all of the above 

(e) none of the above. 

For standard coarse threads of nut, the threads will 
be as strong in failure by shear as the bolt in tension, 
if the height of nut (A) is approximately 

(a) 0.4 times (b) 0.6 times 


(c) 0.7 times (d) 0.8 times 
(e) 0.9 times 

the normal diameter of bolt. 

Allen bolts are 

(a) self locking bolts 


(b) designed for shock load 

(c) used in aircraft application 

(d) provided with hexagonal depression in head 
(e) uniform Strength bolts. 

The resultant axi 
(a) initial tension 
(b) external load applied 


(c) relative elastic yield; 
c yleldin i 
and the connected wi in eens) OF the bolt 


(d) (a) and (b) above 
(e) (a), (b) and (c) above. 


al load on a bolt depends on 


163. 


164. 


165. 


166. 


167. 


168. 


169. 


170. 





PEP UANICKE ENGINE ; 
(a) initial tension (b) external w 2 
(c) higher to the two (a) and (b) 
(d) lower of the two (a) and (b) 
(e) sum of the two (a) and (b). 
If the bolt is very yielding as compared w: 
connected members, then the resultant lie th 
bolt will be equal to ON the 
(a) initial tension (b) external | oad 
(c) higher of the two (a) and (b) 
(d) lower of the two (a) and (b) 
(e) sum of the two (a) and (6). 
The connecting rod bolts are tightened y 
tightening stress 
(a) is just sufficient to hold parts together 
(b) approaches yield point 
(c) is 50% of yield point 
(d) is about yield point divided by safety factor 
(e) none of the above. 


load 


P 80 that 


The connecting rod bolts are tightened up with initial 

tension greater than the external load so that 

(a) joint may not open up 

(b) bolts are weakest elements 

(c) the resultant load on the bolt would not be 
affected by the external cyclic load 

(d) bolts will not loosen during service 

(e) none of the above. 

If an application calls for stresses on screw threads 

in one direction only, then the following type of 

thread would be best suited 


(a) square (6) acme 
(c) buttress (d) BSW 
(e) metric. 


When a bolt is subjected to shock loading, the 

resilience of the bolt should be considered in ordet 

to prevent breakage at 

(a) shank 

(c) in the middle 

(e) anywhere in the bolt. 

The shock absorbing capacity of a bolt can po 

increased by 

(a) tightening it properly 

(b) increasing shank diameter 

(c) grinding the shank (d) using washer 

(e) making shank diameter equal to core 
of thread. 

Modulus of resilience is proportional to 

(a) stress at elastic limit (s,) 


(b) s, (e) Se 


(d) Fake (e) a 


Resilience of a bolt may be increased by 

(a) increasing its length 

(6) increasing its shank diameter 
(c) increasing diameter of threaded port" 
(d) increasing head size 

(e) none of the above. 


(b) head 
(d) at the thread 


diamel*? 
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lig the holes in plates for riveting purposes should be 
jii made by : 
(a) punching and reaming 
(p) drilling 
(c) any of the two above | 
(d) depends on location and actual application 
(e) torch cutting. 
12 Strength of a rivet in bearing is given by 
' (a) P=8(p -at (6)P=s,xtxd 
(c) P= ri d*s, (d) P= ; d?s, 
(e) P = s,(p — at 
where, Sp Sp and s, are stresses in tension, bearing 
and shear, and p, d and t are pitch, rivet diameter 
and plate thickness, respectively. 

173. Ina riveted joint design, diameter of rivet ‘d’ in derms 
of plate thickness ‘t’ is equal to 
(a) d = 1.2 (b) d = 6vt 
c) d= 1.9vt Wiis 

vt 
1.5 
(e) d T 

174. Lowest value of riveted joint efficiency is assumed 
in the case of 
(a) single riveted butt joint 
(b) single riveted lap joint 
(c) double riveted butt joint 
(d) double riveted lap joint 
(e) diamond joint. 

175. For riveted joints, the type of joint preferred is 
(a) lap joint (b) butt joint 
(c) over lapping joint (d) any of the above 
(e) none of the above. 

176. The distance from the centre line of the row of rivet 
holes nearest the edge of plate to edge of plate should 
be 
(a)d (b) ld — 1.5d 
(c) 1.5d — 2.5d (d) 2.5d — 2.5d 
(e) 2.5d — 3.0d 
where, d = diameter of rivet. 

177. Inthe design of a riveted joint, efforts should be made 
to make it strong against failure due to 
(a) tearing (b) shearing 
(c) bearing 
(d) equal against tearing, shearing and bearing 
(e) none of the above. 

178. Ifthe tearing efficiency of a riveted joint is 60%, then 
the ratio of pitch to diameter of rivet is 
(a) 0.20 (b) 0.33 
(c) 0.40 (d) 0.50 
(e) 0.60. 

179, 


In multiple-riveted (chain riveting) joints, the 
Minimum distance between the rows of rivets 
Should be 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 





(b) ld — 1.5d 


(a)d 
(c) 1.5d — 2.0d (d) 2.0d — 2.5d 
(e) 2.5d — 3.0d 


where, d = diameter of rivet 


Thickness of strap for double strap joint in terms of 
thickness of plate ¢ is equal to 


(a) 0.4¢ (b) 0.6¢ tot 
(c) 1.2t (d) 1.75t 
(e) 2t. 


In case of a riveted joint, the maximum pitch in terms 
of diameter of rivet d is 


(a)d (b)d + 12 mm 
(c) 1.5 —2.0d (d) 3d 
(e) 5d. 


The stress concentration in a riveted joint with 
unequal width cover plates as compared to one with 
equal width straps will be 

(a) less (b) more 

(c) equal 

(d) depends on size of plate and diameter of rivet 
(e) none of the above. 

Failure due to tearing at an edge can be avoided by 
keeping the centre of the nearest rivet, from the edge 
of the plate at least a distance equal to 


(a) d (b) 1.5d 
(c) 2.5d (d) 3d 
(e) 4d. 


where, d is the diameter of the rivet. 

The following type of rivet head is used for boiler 
plate riveting 

(a) snap 

(c) spherical 

(e) counter sunk. 
In order that the tearing strength of the cover plates 
should be equal to that of the plates to be connected, 
thickness of a single cover plate should be 


(6) round 
(d) diamond 


5 
t b) t 
(a) ( a 
3 1 
(c) Zt (d) let 
(e) 2 t; 


where, t = thickness of main plate. 
With the precentage increase of carbon in steel 
(a) strength of steel decreases 

(b) hardness of steel decreases 

(c) brittleness of steel decreases 

(d) ductility of steel decreases 

(e) none of the above. 

Factor of safety is the ratio of 

(a) yield stress/working stress 

(b) tensile stress/working stress 

(c) compressive stress/working stress 
(d) bearing stress/working stress 

(e) bearing stress/yield stress. 
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188. 


189. 


190. 


191. 


192 


193. 


194 


195. According to I.B.R., safety factor of 


196. Efficiency of a riveted 


The rivets which are heated and then driven in the 
field are known as 

(a) power driven shop rivets 

(b) power driven filed rivets 

(c) hand driven rivets 

(d) cold driven rivets 

(e) field rivets. 

Cold driven rivets range from 

(a) 6 to 10 mm in diameter 

(b) 10 to 16 mm diameter 

(c) 12 to 22 mm in diameter 

(d) 22 to 32 mm in diameter 

(e) none of the above. 

In an eccentric riveted connection, the rivets have to 
resist 

(a) linear displacement 

(b) rotary displacement 

(c) linear as well as rotary displacements 

(d) linear or rotary displacement 

(e) none of the above. 

Pick up the correct statement 

Diameter of the rivet hole is made larger than the 
diameter of the rivet by 

(a) 1.00 mm for rivet diameter upto 12 mm 

(b) 1.5 mm for rivet diameter exceeding 25 mm 

(c) 2.0 mm for rivet diameter over 25 mm 

(d) 0.5 mm for rivet diameter less than 10 mm 

(e) none of the above. 

The perpendicular distance between rows of rivets 
in chain riveting is 


(a) d +12 (b) 1.5d 
(c) 2d +6mm (d) 3d 
(e) 3d +8 mm. 


The gross diameter of a rivet is the diameter of the 
(a) cold rivet measured before driving 
(b) rivet measured after driving 
(c) rivet hole (d) any one of the above 
(e) none of the above. 
Pick up the true statement from the following 
(a) The minimum pitch should not be less than 2.5 
times the gross diameter of the rivet 
(b) The minimum pitch should not be less than 12 
times the gross diameter of the rivet 
(c) The maximum pitch should not exceed 10 ¢ or 
150 mm whichever is less in compression 
(d) all of the above 
(e) none of the above. 


not be less than rivet joint should 
(a) 2 

(c) 4 ie i 

(e) 12. 


i joint is the rati 

(a) t ratio betw 

it hle strength of the joint to the str x 
Pitch length of the solid plate ORAON 


197. 


198. 


199. 


200. 


201. 


202. 


203. 


204. 


205. 


ME 
INg 


Bth op, 


(b) shearing strength of the joint to r 
pitch length of the solid plate 

(c) bearing strength of the joint to the 
pitch length of the solid plate Strength P 

(d) the minimum of the three strengths a 
the strength of a pitch length of the g e joint 

(e) none of the above. ond Plate 

According to I.B.R., the following type 

preferred for longitudinal joint j 

(a) lap (b) butt joint 

(c) welded joint (d) any one of the ap 

(e) none of the above. aboye 


he Stren 


f joint ig 


The edges of the boiler plate are bevelled 

of to an angle 
(a) 45° (b) 60° 

(e) 72° (d) 80° 


(e) none of the above. 

A riveted joint may fail due to 

(a) shearing of the rivet 

(b) tearing off the plate at an edge 

(c) crushing of the rivet 

(d) tearing off the plate across a row of rivets 

(e) any or all of the above reasons. 

According to I.B.R., the following type of joint is 
preferred for circumferential joint 

(b) butt joint 

(d) any one of the above 


(a) lap joint 
(c) welded joint 
(e) none of the above. 


A boiler plate thickness is 20 mm. The rivet diameter 
will be 

(a) 20 mm (6) 10 mm 

(c) 40 mm (d) 30 mm 


(e) none of the above. 

A thin walled cylindrical vessel consists of a central 
cylindrical portion having wall thickness of t, and 
two hemispherical ends of wall thickness t£,- In order 
to ensure uniform stress in both the portions, ratio 


t/t, should be 
(a) unity (b) half 
(c) two (d) four times 


(e) one fourth. 

A riveted joint may fail due to 

(a) failure of the rivets (b) failure of the plates 
(c) either failure of the rivets or failure of the plates 
(d) failure of both rivets or plates 

(e) none of the above. 

Feather keys are generally 

(a) tight in shaft and loose in hub 

(b) loose in shaft and tight in hub 

(c) tight in both shaft and hub 

(d) loose in both shaft and hub 

(e) none of the above. 

The distribution of stress along the length of 
fitted in shaft 

(a) is uniformly constant (b) varies linearly 


a key 
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which of the following steel key is usually strong 


of MACHINE CLEMEN a 
N . 


) is of exponential shape, being more at the torque 
input end l 
(d) is of exponential shape, being less at the torque 
jnput end 
(e) is of parabolic shape. 


(c 


; width of a key 1s usually taken as 


(a) 1/10 x shaft diameter (d) 

(b) 1/8 * d (c) 1/6 xd 
(d) 1/4 x d (e) 1/3 x d. 
failure by shear and crushing ? i 
(a) rectangular (b) flat 

(c) square (d) circular 

(e) Kennedy. 


908. For a square key of side d/4 (d = shaft diameter), its 


length should be as given below in order that it is as 
strong in shear as shaft is in torsion 


(a) d (b)1.5d 
(c) 2d (d)2.5d 
(e) 3.0 d. 


999. A saddle key 


(a) is provided in the hub only and hollowed to fit 
the shaft 

(b) has flat surface and the shaft is planned off to 
accommodate the key 

(c) is fitted such that each withstands torsion in one 
direction only 

(d) is designed to fit in a sunk key-way whose bed is 
parallel to the axis of shaft 

(e) none of the above. 


210. Shape of woodruff key is like 


(b) semicircle 
(d) trapezoid 


(a) cylinder 
(c) sphere 
(e) tapered square. 


211. In welded joint the throat of weld as compared to 


size of weld is 

(a) about same size 
(c) about 0.5 times 
(e) about 1.25 times. 


(b) about 0.7 times 
(d) about 0.25 times 


212. Tangent key 


(a) is provided in the hub only and hollowed to fit 
the shaft 

(b) has flat surface and the shaft is planned off to 
accommodate the key 

(c) is fitted such that each withstands torsion in one 
direction only l 

(d) is designed to fit in a sunk key-way whose bed 1s 
parallel to the axis of shaft 

(e) none of the above. 


i Kennedy keys are used for applications like 


(a) precision duty (b) light duty 

(c) rough and heavy services 

(d) all of the above (e) none of the above. 
Which key transmits power through frictional 
resistance only ? 


(a) woodruff (b) kennedy 


215. 


216. 


217. 


218. 


219. 


220. 


221. 


222. 





(c) sunk eee 
(e) flat. (d) saddle 
Sunk key 
(a) is provided ; 
the dies in the hub only and hollowed to fit 


(b) has flat surf 
ace and the shaft i 
accommodate the key lds crear ord 


(c) is fitted su 
ch that each with ‘on 
direction only stands torsion in one 


(d) is designed to fit i 

in a sunk k 
parallel to the axis — bonis 
(e) none of the above. 


Which of the following key transmits power through 
frictional resistance only ? 


(a) square key (b) tapered key 
(c) kennedy key (d) saddle key 
(e) woodruff key. 

Flat key 


(a) is provided in the bulb only and hollowed to fit 
the shaft 


(b) has flat surface and the shaft is planed off to 
accommodate the key 

(c) is fitted such that each withstands torsion in one 
direction only 

(d) is designed to fit in a sunk key way whose bed is 
parallel to the axis of shaft 

(e) none of the above. 

In thick cylinders, the tangential stress across the 

thickness of cylinder is 

(a) zero at outside and maximum at inside 

(b) minimum at outside and maximum at inside 

(c) uniform throughout (d) unpredictable 

(e) none of the above. 

Thick cylinders are designed by 

(a) Lame’s equation 

(b) calculating radial stress which is uniform 

(c) thick cylinder theory (d) any one of the above 

(e) none of the above. 

For designing thick cylinders, following equation is 

used 

(a) Barlow’s 

(c) Lame’s 

(e) all of the above. 

In thick cylinders, the radial stress across the 

thickness of cylinder is 

(a) zero at outside and maximum at inside 


(b) Birnie’s 
(d) Clavarino 


_ (b) minimum at outside and maximum at inside 


(c) uniform throughout 
(d) unpredictable 
Oldham’s coupling 1s used to connect two shaft 
which 

(a) have lateral misalignment 

(b) whose axes intersect at a small angle 

(c) are not is exact alignment 

(d) is the simplest type of rigid coupling 

(e) all of the above. 


(e) none of the above. 
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224. 


225. 


226. 


227. 


228. 


229. 


230. 


231. 


232. 


the distance between whose 


llel shafts, 
For two parallels ies uch PENN willyau 


axes is small and varia 
use ? 
(a) hydraulic coupling 
(c) flange coupling 

(e) muff coupling. 
In the flange coupling the two flanges are cou 
together by means of bolts fitted in 
(a) reamed holes (b) machined holes 
(c) threaded holes (d) gasketed holes 
(e) as cast holes. 
The holes in the flange coupling for coupling the two 
flanges together by bolts are reamed because it 
permits 
(a) equal sharing of load by bolts 
(b) avoidance of stress concentration 

(c) avoidance of any injury during dismantling 
(d) less wear, tear and vibrations 

(e) full utilisation of power. 
Following type of pipe joint is mostly used for pipes 
carrying water at low pressures 

(a) socket (b) nipple 

(c) union (d) spigot and socket 

(e) expansion. 
The sleeve or muff coupling is designed as a 

(a) thin vessel | - (b) thick vessel 

(c) solid shaft (d) hollow shaft 

(e) continuous shaft. , | 

Muff coupling is used to join two shafts which 

(a) have lateral misalignment 

(b) whose axes intersect at a small angle 

(c) are not in exact alignment 

(d) is the simplest type of rigid coupling 

(e) all of the above. 

Keys are normally made from 

(a) cold rolled mild steel bars 

(6) forged steel 

(c) hot rolled mild steel bars 

(d) cold rolled carbon steel 

(e) machined stainless steel. 

The most important dimension in the design of nut is 

(a) outside dimensions of nut 

(b) inside diameter (c) height 

(d) pitch diameter (e) thread size. 

Multiple threaded screws 

(a) increase the efficiency 

(b) increase the mechanical advantage 

(c) increase the self locking feature 

(d) decrease the efficiency 

(e) increase the load lifting capacity. 

Use of large thread angles in lifting machine would 

result in 

(a) lower mechanical advantage 

(6) higher mechanical advantage 

(c) no change in mechanical advantage 

(d) lifting the load easily 

(e) lowering the load easily. 


(b) universal joint 
(d) Oldham’s coupling 


pled 


233. 


234. 


235. 


236. 


237. 


238. 


239. 


240. 


241. 


Bolts are designed on the basis of 

(a) direct tensile stress with high Safety ¢ 
(b) direct shear stress with high s afety € actor 
(c) direct compressive stress with high a 
(d) direct bearing stress with high sa fet ety ea, 
(e) all of the above. y facto, : 
Universal coupling is used to join tie 
(a) have lateral misalignment 

(b) whose axes intersect at a small angle | 
(c) are not in exact alignment 
(d) is the simplest type of rigid coupling 

(e) all of the above. 

Metal to metal joint is used for applications Sujet 
to Vecta | 
(a) very high pressure | 
(b) very high temperature | 
(c) very high pressures and temperatures 
(d) severe vibrations 

(e) stress reversals. 

A screw is specified by | 
(a) major diameter x pitch | 
(6) minimum diameter x length 

(c) major diameter x length 

(d) mean diameter x pitch 

(e) nominal major diameter. | 
Screws used for power transmission should have | 
(a) high efficiency | 
(b) strong teeth | 
(c) finished threads 

(d) high efficiency and strong teeth 

(e) proper heat treatment. : 
The maximum efficiency of a screw jack hav 
square threads and friction angle of 30° will be 






S, 
N 


Shafts Whi | 


i 
i 
i 
{ 
f 
j 


| 


| 
| 
| 
a 
| 


(a) 11% (b) 20% 
(c) 30% (d) 33% 
(e) 50%. 


If æ is the helix angle of threads and 9 is ! 
self lot | 


friction, then the lifting screw will be 
when | 
(a)a=6 (b)a>9 | 
(cha<o (d) a = 20 | 
(e) there is no such correlation. _ a joint 
The important criterion 1n case of rivete } 
material storage and other ordinary n desig 
(a) efficiency of joint (b) economy ° 

(c) strength and rigidly (d) leakage 
(e) environmental thermal stresses: 
Bushed pin flexible coupling is URE 
shafts which 

(a) have lateral misalignment 
(b) whose axes intersect at a sm 
(c) are not in exact alignment 
(d) is the simplest type of rigid cov 
(e) all of the above. 


1] angle 


pling | 
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agsiG’ . 1; pg 
pe manent moving coil instruments are 


. (b) D.C. type 
` both 4- 
ž mould be A.C. or D.C. 
(e) none of the ina . 
‘ng iron instru e 
aA AC type (b) D.C. type 
(c) both A.C. and D.C. type 
(d) do not exist | (e) none of the above. 
Shaft coupling is used in machinery to 
i (a) alter the vibration characteristics of rotating 
unit 
(b) introduce protection against overloads 
(c) introduce mechanical flexibility 
(d) reduce transmission of shock loads 
(e) all of the above. 
945. Slenderness ratio 1s 
shaft dia. 
2 shaft length 
length of strut 
(b) Teast radius of gyration 


3 


glima man Daneze lua 
e column depth 
(e) none of the above. 


246. Compression formula is valid upto the slenderness 


min. size of column 


ratio of 
(a) 10 (b) 20 
(c) 30 (d) 40 
(e) 60. 
247. Rankine’s formula is valid upto the slenderness ratio 
of : : 
(a) 60 (b) 120 
(c) 180 (d) 240 
(e) 300. : 


248. The buckling load depends on 
(a) cross-sectional area (b) modulus of elasticity 
(c) slenderness ratio (d) all of the above 
(e) none of the above. 

249. Euler’s buckling or crippling load corresponds to 


load P such that 
l 
an iar OVE a 


(e) none of the above. ; 
’ „empression members tend to buckle in the direction 
0 
(2) minimum cross section 
(b) axis of load 
(c) Perpendicular to axis of load 
(d) least radius of gyration 
e) any one of the above. 
Ifa car turns towards right, man sitting inside will 
Move towards 


(2) right (b) left 






(c) remain erect 
(e) none of the above 
Di | 

ameter of washer is generally taken 


(a 
) equal to nut size (6) less than nut size 
c) bigger than nut size 


(d) any size irrespective of nut size 
(e) none of the above. 
Splined shaft is used in applications 


(a) in which Stress concentration due to deep 
keyway is to be avoided 


(6) high torque is to be transmitted ' 
(c) high r.m.p. | 
(d) calling for axial relative movement between | 
shaft and hub 
(e) involving locking devices. 
254. Which type of gear will be used for non-intersecting 
perpendicular shafts ? 
(a) helical gears 
(c) hypoid gears 
(e) none of the above. 
255. Addendum of a cycloidal gear tooth is 
(a) cycloid (b) involute 
(c) epicycloid (d) hypocycloid 
(e) straight rack. 


256. If the lead angle of a worm is 225° then the helix 
angle will be 


(d) unpredictable 
252, 


253. 


2 < 
eet Tih 
pnn EEE ni a EEEN ad f 
PETTE A ‘ mere z £ on di 
isco ia Sire PE AN ae ata 


(b) worm gears 
(d) herringbone gears 


(a) 224° (b) 45° 
(e) 675° (d)90° | 
(e122, 


257. Which type of gear will be used to have minimum 
axial thrust ? 
(a) helical gears 
(c) hypoid gears 
(e) none of the above. 
258. Spiral gears are suitable for transmitting 
(a) small power (b) huge power 
(c) no power but motion only 
(d) any power (e) pulsating power. 
259. Spring driven watches and clocks utilise 
(a) involute gears (b) cycloid gears 
(c) epicycloid gears (d) straight rack gears 
(e) none of the above. 
960. Which type of gear will be used for non-parallel and 
non-intersecting shafts ? 
(a) helical gears 
(c) worm gears 
(e) none of the above. | 
261. 10 m of water column is equal to 
(a) 10 kN/m? (b) 1 kN/m? 
(c) 100 kN/m? (d) 0.1 kN/m? 
(e) none of the above. 7 
262. As pump speed increases, its NPSH (net positive 
suction head) requirement 
(a) increases (b) decreases 


(b) herringbone gears 
(d) worm gears 


(b) hypoid gears 
(d) herringbone gears 
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(c) remains same (d) unpredictable 


(e) none of the above. pon 
263. If pump NPHS requirements are not satisfie 

(a) it will not develop head 

(b) it will be cavitated 

(c) efficiency will be low 

(d) it will consume excessive power 

(e) none of the above. 


264. The abbreviation ERW in ERW pipe stands for 


(a) electrically resistance welded 
(b) elastic reinforced with wire 
(c) extra reinforcement welded 
(d) electrically reinforced and welded 
(e) all of the above. 
265. One joule is equal to 
(a) 0.23 x 10-3 kcal 
(c) 1 kg m/s 
(e) not of the above. 
266. One watt is equal to 
(a) 0.23 x 10-3 kcal 
(c) 1 kg m/s 
(e) none of the above. 
267. One otto is equal to 


(b) 0.102 kg m/s 
(d) all the above 


(b) 0.102 kg m/s 
(d) all of the above 


(a) 19-15 (b) 109 
(c) 10-18 (d) 1012 
(e) 1015. 
268. One femto is equal to 
(a) 10-15 (b) 10 
(c) 10-18 (d) 1012 
(e) 1045, 
269. One tera is equal to 
(a) 10-15 | (b) 109 
(c) 10-18 (d) 1012 
(e) 1015, 
270. One giga is equal to 
(a) 10-15 (b) 10° 
(e) 10-18 (d) 1012 
(e) 1015, 
271. Units of thermal conductivity are 
(a) Ns/m? (b) W/m°K 
(c) J/kg°K (d) JLK 
(e) none of the above. 
272. Units of entropy are 
(a) Ns/m? (b) W/m°K 
(c) J/kg°K (d) JPK 
(e) none of the above. 
273. Units of specific heat are 
(a) Ns/m? (b) W/m°K 
(c) J/kg°K (d) JPK 
(e) none of the above. 
274. Units of dynamic viscosity are 
(a) Ns/m? (b) W/m°K 
(c) J/kg°K (d) JPK 


(e) none of the above. 


275. 


276. 


277. 


278. 


279. 


280. 


281. 


282. 


283. 


284. 





Series wound D.C. motor 

(a) should always be started without load 

(b) should never be started without jaa a : 

(c) whether load is connected or not jg ; ; 

(d) is started with average load 

(e) none of the above. 

An alternator having 40 poles rotates 

It will generate A.C. voltage at freque 

(a) 50 c/s (b) 60 c/s 

(c) 100 c/s (d) 40 KHz 

(e) 60 KHz. 

In shunt wound D.C. motor 

(a) speed is infinity at low load and very legs at hi 
load gh 

(b) speed is maximum at no load and dro 
12% at full load 

(c) speed remains constant at all the loads 

(d) speed increases with increase in load 

(e) none of the above. 


Mater, 
Materia) 


at 150 t 
ncy of S 


PS by 104, 


In induction motors, power supply is connected to 

(a) rotor only 

(b) stator only 

(c) both rotor and stator 

(d) any one of (a) or (6) above 

(e) none of the above. | 

The speed of synchronous motor having 8 poles and | 

operating at 50 c/s power supply will be 

(a) 1000 r.p.m. (b) 600 r.p.m. 

(c) 750 r.p.m. (d) 800 r.p.m. 

(e) 1500 r.p.m. 

Which is false statement about induction motors? 

(a) its speed decreases with increase in load 

(b) its direction of rotation can be changed 4 
interchanging two phases 

(c) its speed can’t be controlled without sacrifice | 
efficiency | 

(d) its efficiency is quite high tor. | 

(e) its starting torque is more than d.c. shunt D% | 


= 
SL LE TL a e e ae e eme S l a ae Daaa Re et TF R RD a a FH r 


eae oea en ae re em a M 


Rated life of a ball bearing in relation t0 load : | 
varies as 

(a) P (b) P? 

(c) P3 (d) UP? 

(e ) 1/P3 

The phenomenon of hunting is observed 1? rs 

(a) induction motors (b) d.c. shunt me 
(c) d.c. series motor (d) synchronov® 


meae 


(e) asynchronous motor. 


Helical springs are not subjected to 

(a) hoop stress (b) force ve stre” 
(c) deflection (d) torsional ë of 
(e) transverse shear stress. naw fa! 

The welding units operate at following P 

(a) 0.3 (b) 0.6 

(c) 0.8 (d) 0.9 © 


(e) 1.0. or ` 
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HINE ELEMENTS 


For traction applications, following typ 
used 

(a) induction motor 
(c) D.C. series motor 
(e) none of the above. 
The most commonly used motor in a 
elevator, machine tools is 

(a) D.C. series motor (6) D.C. shunt motor 

(c) induction (squirrel cage) motor 

(d) synchronous motor (e) none of the above. 

In a simply supported beam, where the shear force 
is zero, the bending moment will be 

(a) zero 

(c) minimum 

(e) none of the above. 
In stroboscopic measurement, a disc having one mark 
was seen to have two similar marks at 40 cps signal. 
Its speed is 

(a) 1200 r.p.m. 
(c) 2400 r.p.m. 
(e) 1800 r.p.m. 
An involute gear should have minimum of 


e of motor is 


(b) synchronous motor 
(d) D.C. shunt motor 


Pplications like 


(6) maximum 
(d) could be anything 


(6) 600 r.p.m. 
(d) 4800 r.p.m. 


(a) 8 teeth (b) 12 teeth 
(c) 16 teeth (d) 20 teeth 
(e) 32 teeth. 


In order to avoid interference for 20° pressure angle 
teeth, minimum number of teeth should be 

(a) 12 (b) 18 

(c) more than 11 (d) less than 18 

(e) none of the above. 

The shearing stress in a helical spring of wire 
diameter d and having mean diameter D, supporting 
a compressive load F is given by 


























(a) = xK (b) - x K 
nd nd 
8 FD 16 FD 
(c) er xK (d) E x K 
(e) Š - x K. 
The Wahl stress factor K for springs of spring index 
c= P _ Mean dia of coil .. given by 
d Wire diameter pe 
is -4 0 
(a) 4C -1 P 0.615 (b) C + 
4C-2 C 4C -4 
= C-1 0.615 
(c) 4C-4 , 0.615 ae : 
4C-1 C 4C -4 
(e) 4C-1 0.615 
C-4 C 


Music wire is concerned with 

(a) musical instruments (b) tuning = 
(c) springs @yshave 

(e) measuring instruments. j 
Value of Wahl stress factor K for spri® 
increase in value of C 
(a) decreases linearly 


(b) increases linearly 


295. 


296. 


297. 


298. 


299. 


300. 







(c) remains Same 
(d) decreases exponentially 
(e) increases exponentially 
Which is correct statement ? 
Fatigue cracks can spread only by 


tensile Stress (and not 


and in directions pe 
stress 


(a) 
by compressive or shear) 
rpendicular to the tensile 


(b) tensile stress and in 


EA direction along the tensile 


(c) compressive and shear stresses 

(d) any of the three types of stresses 

(e) shear stress. 

The spring rate of conical and volute springs, with 
increase in load 

(a) remains constant 
(c) increases 


(d) increases after the largest active coil starts to 
“bottom” 


(e) depends on other considerations. 


The deflection of helical spring is directly and 
inversely proportional respectively to 


(b) decreases 


(a) D?, d? (b) D3, d? 
(c) D4, d? (d) D?, d’ 
(e) D4, d*. 

where, D = mean diameter of coil 


and d = wire diameter. 

Concentric helical springs should be 

(a) wound in same direction 

(b) wound with opposite hand helices 

(c) could be wound in any direction 

(d) direction of winding depends on the load to be 
carried 

(e) none of the above. 

Curvature correction factor K for helical compression 

spring with spring index varies as (shown in figure). 





—— > Did 


b) Curve B 
(a) Curve A ( 

(c) Curve C (d) Curve D 
(e) Curve E. 


Allowable stresses in compression springs for me 
of the materials with increase 1n size of wire w1 
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(b) decrease 308. In a horizontal nat Se drive, it is CUstoman i A 
i ecre side of the belt a E 
(a) increase id) unpredictable (a) bottom side of : S the slack Side I | 

(c) remain same the transmission of power Side dy | 

ne of the above. b) top side of the belt as the slack s; iz 

301. Laon is true statement about Belleville springs f r — asd helttas Ck side ! 

(a) these are used for dynamic loads . (d) idler in between 

(b) these are composed of coned discs which may be le) none of the above. 

stacked up to obtain variety of load-deflection “a 
309. Centrifugal tension in belts 


characteristics 
(c) these are commonly used in clocks and watches 


(d) these take up torsional loads 
(e) these do not exist. 


(a) reduces power transmission 
(b) increases power transmission 
(c) does not affect power transmission 


SE ES LTE TL ET SIT IN TE RE TIE A, Toy NP 





302. Angle of twist of shaft is inversely proportional to (d) increases el transmission at high Speed 
(a) shaft diameter (b) (shaft diameter)? decreases it at lower speed and 
(c) (shaft diameter)? (d) (shaft diameter) (e) unpredictable. 
(e) (shaft diameter)?2: 310. Maximum horse power is transmitted by a belt di | 
303. For a shaft subjected to a torque T and bending when its velocity is such that the tight Side dri ins 
moment M, the equivalent twisting moment is tension in belt is equal to "i 
; a (a) centrifugal tension : 
(a) t+M” (b) JM? —T? (b) 2 x centrifugal tension | 
oF 2 : (c) 3 x centrifugal tension i 
(c) > + y M? +T? (d) AM2 + T2 (d) 4 x centrifugal tension(e) none of the above. | 
311. If F, and F, be the tight and slack side tensions} 
le) [p24 l M ) the belt, then initial tension will be equal to | 
(a) F; - F, (b) F, +F, 
304. A shaft subjected to combined bendin i F +F 
g and torsion 1'2 
can be designed by following stress theory (e) 2 (d) (VF, i VF) s 
(a) maximum shear stress theory 2 
; | 
(b) maximum normal stress theory (e) Am) ; | 
(c) maximum resultant stress theory 2 
(d) all of the above 312. If F,, F, and F, be the tight side, slack side and | 
(e) none of the above. centrifugal tensions in a belt, and u and 6 be the | 
305. The maximum shear stress induced in a shaft coefficient of friction between belt and pulley, an 
oan to a shear stress s, and bending stress S, angle of contact, then | 
(a) Ti — ele (b) F +F, = eÊ | 
(a) ys," +5" (b) S, + ; VS. + 8/7 ý ie a ae 
A (c) Fi +F, =4F. aa | 
(c) 2 EN 2 2 c Fo = F, e" f 
Ss + (d) 4s + 
4 s TS; FR -F . 
(e) 1 C = ee 
1 2 S; : 313 I Ss . 
(e) ays + “| . o a V-belt drive, the belt makes contact at 
a) bottom of pull 
306. Which ; l pulley 
Mi P A statement ? (b) sides of the groove of pulley 
rolling ing produces a stronger shaft than hot A sides of groove and bottom of pulley 
, ld mak tact here 
(b) hot rolli Teu e contact anywhe 
mm iia ng produces a stronger shaft than cold Sia (e) none of the above. tjon do? 
- IfFF,g andw represent the tension, accelera” elt 


(c) both make equally strong shafts 
(d) shafts are not made by rolling process 
(e) extruded shafts are most 


to gravity and mass per unit lengt? ofh 
respectively, then maximum permissible sp 
commonly used. is given by 


307. Stretching in a belt can b 
(a) decreasing belt lengik controlled by (a) _|48 (b) = 
(b) increasing centre distance = = 
(c) increasing pulley diameter (c) |2%8 as 
(d) reducing belt velocity , 3w E w 


(e) reduci i 
ucing stress in the belt, (e) |3 Fg 


2w 
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319, 


320. 


321, 


322, 


323, 


the above prob., belt drive can’t transmit n 


power at speed of 
aE (b) |3Fs 
On" 3w wW 
3w Ww 
3 Fg 
G 2w 
The standard angle between the sides of V-belt is 
(a) 25° (b) 30° 
(c) 40° (d) 45° 
(e ) 60°. 
In replacing the V-belts, a complete set of new belts 


is used instead of replacing a single damaged belt 
because 

(a) belts are available in set 

(b) only one belt can’t be fitted with other used belts 


(c) the new belt would carry more than its share 
and would have a short life 


(d)such an arrangement would cause heavy 
vibration 

(e) one belt can not be replaced. 

A chain drive is used for 

(a) short distances 

(c) medium distances 

(d) distance is no criterion for chain drive 

(e) depends on load to be transmitted. 

For a chain drive to have variation in speed of less 

than 1%, the minimum number of teeth in the small 


(b) longer distances 


sprocket should be 

(a) 11 (b) 17 
(c) 24 (d) 33 
(e) 45. 


It is usually preferable in chain drive to use 

(a) even number of teeth on sprocket 

(b) odd number of teeth on sprocket 

(c)either even or odd, but certain minimum 
number 

(d) maximum number of teeth permissible on 
sprocket 

(e) none of the above. 

Following type of chain is used in motor cy cle 

(a) Bush roller (b) Silent 

(c) Pintle (d) Ewast 

(e) none of the above. 

Silent chain is made of 

(a) links and blocks 

(b) links, pins, bushings and rollers 

(c) 3 or more roller chains 

(d) inverted tooth over-lapping links 

(e) none of the above. 

n designation 6 by 19 wire rope, © 4 

respectively stand for 

a) diameter of wire rope and number of stran 
diameter of wire rope and number of wires 


nd 19 


ds 


324, 


325. 


326. 


327. 


328. 


329. 


330. 


331. 





on l | Te eae 
mber of wires and number of strands 


(d) number 
of str i 
(e) none of the shore and number of wires n 


Which of the fo 





(a) 6 by 7 llowing ropes will be most flexible ? 
(b) 6 

oii De ri 

e) all are equally flexible. 


Which is ¢ | 
orrect statement ab ibili | 
endurance of eee out flexibility and i 


(a) lang lay rope is more flexible and endurable 
than regular lay rope 


(b) regular lay rope is more flexible and endurable 
than lang lay rope 

(c) both are equally good 

(d) other factors decide these considerations 

(e) none of the above. 

Which is correct statement about drums and sheaves 

used in wire rope installations ? 

(a) use largest size drum, and flat type 

(b) use largest size drum with grooves, the pitck of 
grooves being more than the wire rope diameter 

(c) use smallest size drum with grooves, the pitch of 
grooves being more than the wire rope diameter 

(d) use largest size drum with grooves whose pitch 
is less than wire rope diameter 

(e) none of the abovs. 

The working load (P) for a chain for crane 

applications is expressed in terms of diameter of link 

‘Œ’ in cm as follows 


(a) P = 1.5 d?: (b) P = 25 d? 
(c) P = 50 d? (d) P = 250 d? 
(e) P = 500 d?. 


Wire ropes are used for applications experiencing 
(a) low speeds and low tension 
(b) low speeds and high tension © 


(c) high speeds and low tension 


(d) high speed and high tension 
(e) there is no such criterion of speed or tension. 


The friction moment in clutches with assumption of 
uniform wear as compared to uniform pressure is 


(a) more (b) less 
(c) same 

(d) more/less depending on speed 
(e) unpredictable. 


For maximum h.p. transmission by a belt drive 

(a) the centrifugal tension should be zero 

(b) 50% of maximum tension should be utilised as 
centrifugal tension 

(c) 33% of maximum tension should be utilised as 
centrifugal tension 7 

(d) difference of tight side and slack side tension 
should be equal to centrifugal tension 

(e) belt speed should be more than 100 m/sec. 

If ọ be the angle of friction, then radius of friction 


circle is given by 
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(a)r (b)r sin ġ 

(c) r cos 9 (d) r sinf > 

(e) r cos? 9. red to Worn 
332. Friction radius for new clutches comp 

out will be 

(a) same (b) more 

(c) less 


(d) depends on overall size of clutch 
(e) none of the above. 





ou . , l 
333. For new clutches and brakes, friction radius is equa 
to , F 
1 D” + 
we oy 4275 
4 3 D*-d 
3_ gs 1 D®-d° 
2 D? — d? 4 D’ -d 


(e) none of the above 

where, D and d are outer and inner diameters. 
334. For uniform wear condition of brakes and clutches : 

friction radius is equal to 





D+d 1i D®+d° 
o-a O 3 p-a 
. 493 1 D? -d? 
oan == (d) ar 
2 D“ -d 4 D’ -d 


(e) none of the above. 


335. The commonly used angle between the cone surface 
and horizontal axis for a cone clutch utilising leather 
to asbestos lining is about 


(a) 8° (b) 12.5° 
(e) 20° (d) 25° 
(e) 30°. 


336. In a cone clutch, a given torque can be transmitted 
by a relatively small axial force if the cone-face angle 
is 
(a) more 
(c) any angle 
(d) depends on power to be transmitted and speed 
(e) none of the above. 
337. Fora flat pivot bearing of radius ‘r’, the moment arm 


of the frictional force with the assumption of uniform 
pressure is 


(a)r 
(c) 2r/3 
(e) 7/3. 


338. For a block brake, the equivalent coefficient of 
friction is equal to 


(b) less 


(b) r/2 
(d) 3r/4 





ap E p 2n 
20 + sin 20 20 + sin 20 
4 sin 20 , 
T Es sin 20 
20 + sin 20 Ká 46 + sin 20 
(e) 2 ain 0 
48 + sin 20 
where, 


8 = semiblock angle 


H = coeff. of friction of material of block and 
wheel. 





339. 


340. 


341. 


342. 


343. 


344. 


345. 


346. 


347. 


s 
GY 


ý 45 


SNE 


and wh 


In blok prakes, the ratio of shoe wi ath t 
diameter is kept between x ; 
(a) 0.1 and 0.25 (b) 0.25 and ni 

(c) 0.50 and 0.75 (d) 0.75 and 10 | 
(e) none of the above. | 
The percentage of total brake effort that ; | 
self energising action depends on | 
(a) the location of the brake arm pivot ae 
(b) the coefficient of friction 

(c) the direction of rotation of the brake dry 

(d) all of the above (e) none of the ri 

In order to prevent the brake arm from mau. 
the moment of friction force about the brake y 
pivot point should be m | 
(a) less than the total required braking effort 

(b) greater than the total required braking effo 

(c) equal to the total required braking effort 

(d) zero (e) none of the above. 


For a spur gear, the product of circular pitch and 
diametral pitch is equal to 


(p) 4 
n 
(d) module 


(a) unity 


(c)n 
(e) pitch circle diameter. 


popupe pn ae 


In an involute gear, the base circle must be 

(a) at root circle (b) under root circle 
(c) above root circle (d) under pitch circle | 
(e) above pitch circle. 


The part of the tooth between the pitch circle and 
dedendum circle is called 

(a) half tooth (b) flank 

(c) face (d) upper tooth 

(e) lower tooth. 

Stub tooth in gears 


(a) is standard tooth 
(b) is longer than standard tooth 
(c) is shorter than standard tooth | 
(d) has special profile = 
(e) is used where great precision in transmiss!? 
required. for 
The minimum number of teeth which can be n 
standard tooth, for given pressure angle > 
to 





2 
2 Ol nto | 
2 | 
eo 2 
(c) 2 sin? ọ (d) a0 
a 
Sin 20 


Backlash is spur gears is the f one o” 

(a) difference between the dedendum i 
and the addendum of the mating pen nS t g 

(b) difference between the tooth space ating e 
and the tooth thickness of the a 
measured on the pitch circle 
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348. 


349. 


350. 


351. 


302. 


353. 


354, 


355, 


©) intentional extension of centre distance b 
two gears 

id) does not exist (e) none of the above 

in whi ch type of teeth, variation in cen | 

within limits does not affect the velocit 

(a) cycloidal 

(c) hypoid 

íe) none of the above. 

Which of the following tooth profiles can t 

heavy load ? 


etween 


y ratio of the 


(b) involute 
(d) all of the above 


ake very 
(a) 145° composite system 


(b) 144 ° full depth involute system 

(c) 20° full depth involute 

(d) 144° stub involute 

(e) 20° stub involute. 

The interference in cycloidal teeth 

(a) is absent completely 

(b) depends on number of teeth 

(c) depends on conditions of meshing 

(d) depends on pressure angle 

(e) is maximum. 

In cycloidal gears, the work wasted in friction will 

be least, when for a given total arc of action, the arc 

of approach is 

(a) greater than arc of recess 

(b) less than arc of recess 

(c) equal to arc of recess 

(d) there is no such criterion 

(e) none of the above. 

The angle through which gear turns from the 

beginning of contact of a pair of teeth upto pitch point 

is called 

(a) pitch angle 

(c) angle of approach 

(e) angle of contact. 

Lewis equation in gears is used to find the 

(a) tensile stress 

(b) compressive stress in bending 

(c) contact stress (d) fatigue stress 

(e) endurance stress. 

Involute profiles in gears are very 

of the following advantage 

(a) pressure angle is constant 

(b) face and flank of a tooth form 

(c) all gears having the same pl 
angle work correctly together 

(d) involute rack is a straight line 

(e) all of the above. 

Gear teeth are made harder to avoid . 

(a) greater compressive stress in bending 

(6) tensile strength (c) abrasion 

(d) pitting (e) wear. 


(b) pressure angle 
(d) angle of action 


popular because 


a continuous curve 
tch and pressure 


356. 


357, 


358. 


359. 


360. 


361. 


362. 


363. 


364. 





(d) does not exist 
Miter gears are 


(e) none of the above. 


(a) nats angled bevel gears having same number of 
, | ri a = ie diameter and pitch 
ame module 
(d) gears of different module 
(e) a kind of worm wheel and gear. 
For proper meshing of worm and worm wheel, normal 


pitch of worm compared to normal pitch of worm 
wheel should be 


(a) more 

(c) equal 

(e) none of the above. 

Low pressure angle gears result in 

(a) stronger teeth (b) weaker teeth 

(c) strength has nothing to do with pressure angle 

(d) could be stronger or weaker depending on 
module adopted 

(e) none of the above. 

The wear on the gear teeth can be equalised (while a 

large and a small gear are running together) by 

(a) making the gear harder than the pinion 

(b) making the pinion harder than the gear 

(c) making both gear and pinion of same hardness 

(d) using non-metallic materials for both 

(e) using non-ferrous materials for both. 

The following materials give corrosion resistance to 

gear sets 

(a) hard materials (b) hardened steel 

(c) non-ferrous materials (d) stainless steel 

(e) softer materials. 

Larger pressure angles in comparison to smaller 

pressure angles make the gear 

(a) weaker (b) stronger 

(c) have no effect as regards strength 

(d) increase wear (e) consume more power. 


Fine pitch involute spur gears are those having 


(b) less 
(d) any one of the above 


diametral pitch 
(a) greater than 20 (b) less than 20 
(c) diametral pitch is not concerned with fineness of 


pitch 
d) equal to zero ) 7 | 
The value of form factor used in design of gear 1s 
(a) independent of the size of the tooth 
(b) depends on the number of teeth on a gear 
he system of the teeth 


ds on t 
i oe e above (e) (b) and (c) above. 


(e) none of the above. 
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374. In hypoid gears, the axes 
(a) are non-parallel and non-intersect; 
teeth are curved cting, 

(b) are non-parallel and non-interse ctin 














lical gears 





gles in opposite hand he 
and the f 


365. Larger helix an 


(e) none of the above. 
377. Pick up the incorrect statement 
(a) helical gears are used to connect shafts whose 
axes are inclined by spiral angle of teeth 
(b) in skew gears, the shaft axes are not parallel but 
they lie in parallel planes 
(c) bevel gears are used to connect shafts which 
intersect in a common plane at any angle | 
f 
| 


(a) are non-parallel and non-intersecting, 


teeth are curved 
(b) are non-parallel and non-intersecting, and the 


teeth are straight 


result in r 
(a) smooth and quiet operation | 
(b) strong teeth (c) both (a) and (b) above teeth are straight 8, ang th 
(d) noisy operation and weaker teeth (c) intersect, and the teeth are curved hae 
(e) noisy operation and stronger teeth. (d) intersect, and the teeth are curved K. pet 
366. Stub teeth are cut on gears 1n order to f ground can h 
(a) increase capability to withstand shocks an (e) none of the above. 
vibrations 375. The pressure angle in involute profile gear 
(b) reduce noise (a) remains constant (b) often changes 
(c) improve transmission efficiency (c) rarely “yc (d) unpredictable 
(d) reduce centre distance (e) none of the above. 
(e) transmit huge power. 376. In skew bevel gears, the axes 
367. If the lead angle of a worm is 20°, then helix angle (a) are non-parallel and non-intersecting, and ; 
will be teeth are curved he 
(a) 20° (b) 70° (b) are non-parallel and non-intersecting, and th 
(c) 10° (d) 80° teeth are straight 
(e) none of the above. (c) intersect, and the teeth are curved and oblique 
368. In zerol bevel gears, the axes (d) intersect, and the teeth are curved and can be 
and the ground | 
t 
t 
} 
| 
| 
| 


(c) intersect, and the teeth are curved and oblique 
(d) intersect, and the teeth are curved and can be 
ground | 
(e) none of the above. 
369. Compared to spur gears, helical gears 


(a) run more smoothly 
(b) run with more vibrations and noise 
(c) run exactly alike (d) consume more power 


(e) consume less power. 


allel shafts 


(d) spur gears connect par 
t shafts which are 


(e) worm gears are used to connec 
neither parallel nor intersecting. 

378. In helical gears, the right hand helix will mesh | 

(a) right hand helix (b) left hand helix | 


(b) are non-parallel and non-interse¢ 
teeth are straight ‘que 

(c) intersect, and the teeth are curved and ab be 

(d) intersect, and the teeth are curve and c2” 


(e) none of the above. 
371. The gear reduction of a worm gear set with worm 
gear of 50 teeth and worm of double lead thread 


370. Two helical gears of the same hand and a 45° helix 
angle are in mesh. The shaft of the two gears would (c) both of the above (d) any one of the above | 
be at following angle to each other l (e) none of the above. 
(a) 45 (b) 90° 379. In spiral bevel gears, the axes the 
(c) 224° Gond bestenyangls (a) are non-parallel and non-intersecting, and 
teeth are curved the | 
ting; and | 


would be 
ane (6) 100: 1 round 
le) onie E AT (d) any one of the above (e) none of the above. oshi | 
372. The following material should b 380. If the number of teeth on two bevel gears i | 
ead at high speed e used for gears to a = 60, then the cone pitch angle oft 
a) harder steel will be 
(c) nonea on material i softer material (a) tan-! 2 (b) tan 0.5 
- l ae steel, non-metallic material ne sin! 0.5 (d) sin” 2.0 | 
: Interference is inh e) none of the above be | 
f erently ab i l i will | 
rae | Sent in following type 381. ae 380, the cone pitch angle of gear : 
"a a) tan! 0.5 (b) tan” 4 | 
(e) cyclo} (b) stub 19.0 | 
> elida] ei (c) n/2 — tan! 0.5 (d) n/2 -— taP | 
Ypocycloid. ued (e) 1/2 — sin“ 0.5 apetit” | 
ste e > 
ars is the ang 


382. — lead angle in worm ge 
e 
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384. 


385. 


386, 


387. 


388, 


389, 


390, 


oF MACHINE EL 


tan 


383» 


EMENTS 


gent to the pitch helix and the plane of 


rotation l 

rangent to the pitch helix and an element of the 
itch cy linder 

half the angle between two inclined faces in 

axial plane 

J) all of the above (e) none of the above. 

re angle in worm gears is the angle between 

to the pitch helix and the plane of 


(c) 


( 

pressu 

(a) tangent 
rotation 

(b) tangent to the pitch helix and an element of the 
pitch cylinder 

(c) half the angle between two inclined faces in 
axial plane 

(d) all of the above 

(e) none of the above. 

To keep noise minimum, following type of gear should 


be used 

(a) involute spur (b) cycloidal spur 
(c) mitter (d) helical 

(e) bevel. 


Helix angle in the worm gears is the angle between 


the 
(a) tangent to the pitch helix and the plane of 


rotation 
(b) tangent to the pitch helix and an element of the 


pitch cylinder 
(c) half the angle between two inclined faces in 
axial plane 
(d) all of the above 
(e) none of the above. 
The type of tooth profile used for gears in watches 
and clocks is 
(a) involute 
(c) hypocycloid 
(e) any one of the above. 
Gears used in machine tools must have the c 
ratio of | 
(a) equal to 1 (b) less than 1 
(c) equal to 1.4 (d) less than 1.4 
(e) more than 1.4. 
The backlash required for spur gears depends on 
(a) module 
(b) pitch line velocity 
(c) both module and pitch line velocity 
(d) tooth profile 
fe) none of the above. 
The limiting pitch line velocity of co 
Sears is about 


(b) cycloidal 
(d) epicycloid 


ontact 


mmercially cut 


re l m/sec (b) 5 m/sec 

10 m/sec (d) 20 m/sec 

e) 30 m/sec. id 
steel, 


gr “Maximum pitch line velocity for hardene 
Ate and lapped precision gears 15 
* mulsec (b) 5 m/sec 


391. 


392. 


393. 


394. 


395. 


396. 


397. 


398. 


399. 


(c) 10 m/sec 














(e) 30 m/sec. (d) 20 m/sec 
For accurat 
ely cut . 
9 Bears operat iti 
0 m/sec, the velocity factor is aa i bi 

(a) Š 6 

3+v (b) 64 

U 

(c) 2 0 

DF (d) = + 0.25 


(e) none of the above. 
where, v = pitch line velocity in m/sec. 


If both pinion and gear are made of the same 


material, then the load transmitti “a 
‘ nsmitt 
decided by itting capacity 1s 


(a) gear 

(c) any one of the two 

(d) both should be considered independently for 
tooth strength 

(e) there are many other considerations. 

Best profile of gear to withstand resistance to wear 

is 


(a) 144 ° full depth involute tooth 


(b) 20° involute stub tooth 
(c) 20° full depth involute tooth 


(d) 144° stub tooth (e) none of the above. 


Zero axial thrust is experienced in 

(a) helical gears (b) bevel gears 

(c) spiral gears (d) worm gears 

(e) herringbone gears. 

Surface endurance limit of gear material is 
dependent on its 

(a) coefficient of elasticity 
(b) elastic strength 

(c) brinell hardness number 
(d) yield strength (e) toughness. 

To avoid interference in internal gears, the internal 


gear as compared to pinion with 144° full height 


teeth should have at least 
(a) 7 teeth more (b) 12 teeth more 


(c) 20 teeth more (d) 28 teeth more 
(e) none of the above. 


(b) pinion 


The initial contact in helical gears is 


(b) line 


oint 
re (d) unpredictable 


(c) surface 

(e) none of the above. 
In order to realise the a 
is necessary to have 
(a) parallel oil film in bearing 


dvantages of fluid friction, it 


(b) converging oil film (c) diverging oil film 
(d) no oil film (e) any type of oil film. 
Pivoted segment thrust bearing is used in order to 


provide 

(a) uniform 
(b) uniform wear 
(d) easy flow of oil 


distribution of load | 
(c) a converging film of oil 


(e) none of the above. 


——eo tee 
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(c) inner race 
lockwise direction at slow fd) all are nade equally hard 
(e) cage is made hardest. 


408. Railroad car bearing is a 


476 





400. A shaft rotating in antic 
speed inside a bearing will be 


(a) at bottom most of bearing J making metal to 


F 

ee 
i. 
i 
f 
f 
f 
H 


(b) towards left side of bearing an (a) ball bearing i roller bearing 
metal contact l ie: ni (c) needle bearing d) full journ 
(c) towards left side of bearıng and making (e) partial journal bearing. a beatin 
metal to metal contact f two cylinder ] 
l king metal 409. In the case 0 y r locomotive a.. 
a pac E ——— cranks are located at the following angle to 88, th, 
to metal contac (a) 0° (b) 90° “ach othe 


(e) towards right side of bearing and making no 
metal to metal contact. | 
401. A shaft rotating in anticlockwise direction at high 


(c) 180° (d) 270° 
(e) none of the above. 


speed inside a bearing will be 410. In the case of coupled locomotives, the coup}; 
(a) at bottom most of bearing w.r.t. the adjacent driving cranks are leet IDR Tog, 
(b) towards left side of bearing and making metal to following angle ed at th 
metal contact (a) 0° (b) 45° 
(c) towards left side of bearing and making no (c) 90° (d) 135° 
metal to metal contact (e) 180°. 


(d) towards right side of bearing and making metal 411. A suspended body is to be struck heavil 


to metal contact ‘ o 
any reaction att 
(e) towards right side of bearing and making no producing any he support. It 


Y without | 
Should be 


done at 
metal to metal contact. ie) eontreot pravit cent 
402. Bearing characteristic number relating Z-absolute Ganra caa y d) entre of suspension 
viscosity of lubricant, N-speed of journal and p- pa p centre of percussion 


bearing pressure on projected bearing area is (e) it is not possible. 


ZN P 412. The period corresponding to no movement of cam | 
(a) — (b) 7N follower for cam rotation is known as | 
7 Ñ (a) stationary (b) fixed 
(c) JN (d) Z (c) constant (d) dwell 


(e) neither rising nor falling. 


pN i | 
(e) z` 413. The following type of cam follower is generally used 
403. Which of the following is antifriction bearing ? Ù AOMA DE 
(a) pedestal bearing (b) collar bearing a) mushroom type (b) roller type 
7 full Hi nal bearing (d) hydrostatic bearing om eg n (d) spherical type 
e) needle bearing. lle-edge type. 
404. Anti-friction be arings are 414, In order to minimise jerks, the following type of cam | 
(a) sleeve bearings 1s used | 
(6) gas lubricated bearings (a) cycloidal (b) involute | 
= ball and roller bearings (c) S.H.M. (d) parabolic 
) special bearings requirin i (e) elliptical 
g no lub Ptical. | 
(e) plastic bearings, rican 415. Which of the following parameters is irrelevant" 
405. oe of mie following is called the divided journa] determining cam size ? 
arings ‘ (a) base circle di itch circle diame 
(a) b . lameter (6) pitch circ 
A i oe bearings (c) pressure angle (d) throw of cam 
(d) plummer Pe i (c) split carbon bearings P (e) displacement curve. svi | 
406. Which of th a (e) collar bearing, 16. Pitch point is the point on the cam pitch curve | 
bee rete acon Parameters should be the 
bering? ning safe operation of journal (a) zero pressure angle 
(a) oil pressure A minimum pressure angle 
(b) beari c) maxim 
(c) cain tat te Ma’ temperature (d) there is AA D a 
mperature (d) bearin ae Ber CEERI | 
; (e) all of the aboy m 8 Vibration Pa (e) none of the above. yrve fr 
07. . i , : 
In case of ball bearings, which ' 7. The Smallest circle drawn to the pitch : as 
than others Part is made harder the centre of rotation of the cam is know” 
(a) ball bo (a) pitch circle (b) prime circle ge 
uter race j tical © 
(c) base circle (d) hypothe 


(e) working circle. 
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421. 


423, 


yor MACHIN | Neate 
p Ta owing type of cam is used for high speed engine 


g ELEMENI> 


(b) cycloidal 


7 15: . volute 
| ‘ r monic (d) flat 
( ) uniform acceleration. 
a wing type of cam is used for low and moderate 
419. speed engine 
(a) avolute (b) cycloidal 
(d) flat 


(c) harmonic 
(e) uniform acceleration. 
o helical springs of the same material and of equal 
ular cross-section and length and number of 
turns, but having radii 20 mm and 40 mm, kept 
concentrically (smaller radius spring within the 
larger radius springs), are compressed between two 
parallel planes with a load P. The inner spring will 
carry a load equal to 


(a) P/2 
(c) P/9 


circ 


(b) 2P/3 
(d) 8P/9. 


Which one of the following structural joints with 10 
rivets and same size of plate and material will be 
the most efficient ? 
















A 


(c) | 





. sgm ; 
jo to 
bO- + OO 





. Match List I with List II and select the correct 


422 
answer. 
List I List I 
(Type of joints) (An element of the joint) 
A. Riveted joint 1. Pin 
B. Welded joint 9. Strap 
C. Bolted joint 3, Lock washer 
= Knuckle joint 4, Fillet 
Odes: A B $ D 
(a) 4 3 9 1 
(b) 9 3 4 1 
(c) 9 4 3 1 
(d) 9 4 1 3 


ws welded joints 


The followi 
owing two figures eat same load an 


Vex) indicates welds), for t 
me dimensions of plate and weld. 


424. 


425. 


426. 


427. 





(a) 


The joint shown in 


(a) ih se tp because the weld is in shear and 
ngs ress in the weld is not in line 

(b) A m is the better because the load transfer 

e tie bar to the plate is not direct 

(c) Fig. (b) is better because the weld is in tension 
and safe stress of weld in tension is greater than 
that in shear 

(d) Fig. (b) is better because it has less stress 
concentration. 

When compared to a rod of the same diameter and 

material, a wire rope 

(a) is less flexible 

(b) has a much smaller load carrying capacity 

(c) does not provide much warning before failure 

(d) provides much greater time for remedial action 
before failure. 

Match List I with List II and select the correct 

answer using the codes given below the lists : 

List I List II 

(Different types of (Specific use of these 

detachable joints) detachable joints) 

A. Cotter joint 1. Tie rod of a wall crane 

B. Knuckle joint 2. Suspension bridges 

C. Suspension link ioint 3. Diagonal stays in boiler 

D. Turn buckle 4. Cross-head of a steam 


(adjustable joint) engine 
Codes: A B C D 
(a) 4 2 3 1 
(b) 4 3 2 1 
(c) 3 2 1 4 
(d) 2 1 4 3 


The design calculations for members subject to 
fluctuating loads with the same factor of safety yield 
the most conservative estimates when using 
(a) Gerber relation (b) Soderberg relation 
(c) Goodman relation (d) none of the above. 
Match List I with List Il and select the correct answer 
using the codes given below the lists : 

List I List II 
A. Crank shaft 1. Supports the revolving 
parts and transmits 
torque. 
Transmits motion 
between shafts where 
it is not possible to 
effect a rigid coupling 
between them. 


B. Wire shaft 2. 
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C. Axle 


D. Plain shaft 


Codes: A B 
(a) 3 2 
(b) 4 = 
(c) 3 2 
(d) 1 4 


3. Converts linear motion 


4. 


Do FP we CT 


into rotary motion. 
Supports only the 
revolving parts. 

D 

4 

1 

1 

3 


428. Match List I with List II and select the correct answer 


using the codes given below the lists : 


List I 
(Terminology) 
A. Interference 


B. Dynamic load on 
tooth 
C. Static load 


D. Contract ratio 


Codes: A B 
(a) 3 4 
(b) i 2 
(c) 4 3 
(d) 3 4 


vnom. ð 


List II 


(Relevant terms) 


E 


2. 


Arc of approach, arc of 


recess, circular pitch. 
Lewis equation. 


. Minimum number of 


teeth on pinion. 


. Inaccuracies in tooth 


profile. 
D 

2 

4 

1 

1 


429. Match List I with List II and select the correct answer 


using the codes given below the lists : 


List I 
(Name) 
A. Oldham coupling 


B. Flange coupling 


C. Universal coupling 


D. Friction coupling 


Codes: A B 
(a) 2 1 
(b) 3 2 
(c) 1 4 
(d) 2 4 


1. 


2. 


3. 


4, 


Pore AO 


List II 
(Type) 
Joins collinear shafts 
and is of rigid type. 
Joins non-collinear 
shafts and is 
adjustable. 
Joins collinear shafts 
and engages and 
disengages them 
during motion. 
Compensates peri- 
pheral shafts, longi- 
tudinal and angular 
shifts of shafts. 
D 
g 
4 
3 
3 


430. Match List I with List II and select the correct answer 


using the code given below the lists: 


List I 
(Requirement) 


A. High temperature 
service 
B. High load 


List II 
(Type) 


1. Teflon bearing. 


2. Carbon bearing 


431. Match List-I (Positioning of two sha ; 


3. Hydro ANI 

D. Bushings 4. Sleeve pai: be P 
Codes: A B C Doig f 
(a) 1 2 3 on ! 
(b) 4 1 2 3 | 
(c) 2 1 3 4 
(d) 2 3 1 4 | 
| 






-s 


C. No lubrication 


i ft 
(possible connection) and select the cat 
using the codes given below the Lists - ct aanp 


List-I List-]] 
A. Parallel shafts with 1. Hookes joint 
slight offset 


B. Parallel shafts at a 
reasonable distance 
C. Perpendicular shafts 


2. Worm and whee} 


3. Oldham coy 


D. Intersecting shafts 4. Belt and at | 
Codes: A B C D | 
(a) 4 3 9 1 | 


432. Match List-I (Type of keys) with List | 


(Characteristic) and select the correct answer usin 
the codes given below the Lists : 


List-I List-II | 
A. Woodruff key 1. Loose fitting, light duty 
B. Kennedy key 2. Heavy duty | 


t 


C. Feather key 3. Self-aligning 


D. Flat key 4. Normal industrial use | 
Codes: A B C D | 
(a) 2 3 1 4 | 
(b) 3 2 1 4 | 
(c) 2 3 4 1 | 
(d) 3 2 4 1 


‘4? wi ‘y’ are | 
433. Two metal plates of thickness ‘t’ and width w 


434. 


joined by a fillet weld of 45° as shown in ats p | 
When subjected to a pulling force F, te | 


induced in the weld will be 


45° | 
| 


F 
a (b) — 
wt sin 45° wt 
o 2F 
(c) £ sin 45° (d) —. J 
wt ui thes oof 
Two closed-coil springs are made ie diame! y | 
diameter wire, one wound on 2.5 € re. lf each off 
and the other on 1.25 cm diameter” ying con? 
had ‘n’ coils, then the ratio of their 
would be 1/8 | 
(a) 1/16 (b) aus | 
(c) 1/4 (d) 1/2. q 
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A og MACHINE ELEMENTS 
«sia | 
+ ani rifugal tension in belts is si 
435. eful because it maintains some tension e -In a single row de ; 
( ae no power is transmitted ven needed to EP groove ball-bearing, cages are 
b) not harmful because it does not take part in re oe the two races 
power transmission. . E aeons the balls from the inner race. 
(c) harmful because j pare belt tension and a) Raa the outer race from the balls. 
reduces the power ransmitted | sal that the balls do not cluster at one point 
(d) a hypothetical phenomenon and does not and maintain proper relative angular positions. 
actually exist in belts. 





3. (d 
1. (c) 7 11 | a 5. (e) 6. (b) 7. (d) 8. (a) 
9. (d) 10. (b) . (c) 12. (b) 13. (a) 14. (a) 15. (a) 16. (e) 
17. (a) 18. (b) 19. (a) 20. (c) 21. (b) 22. (c) 23. (a) 24. (d) 
25. (c) 26. (d) 27. (d) ` 28. (a) 29. (b) 30. (c) 31. (d) 32. (b) 
33, (a) 34. (d) 35. (d) 36. (c) 37. (d) 38. (a) 39. (d) 40. (c) 
41. (c) 42. (e) 43. (b) 44. (c) 45. (a) 46. (c) 47. (c) 48. (a) 
49. (e) 50. (b) 51. (b) 52. (e) 53. (c) 54. (d) 55. (e) 56. (e) 
57. (b) 58. (a) 59. (a) 60. (d) 61. (b) 62. (e) 63. (c) 64. (a) 
65. (b) 66. (d) 67. (a) 68. (d) 69. (b) 70. (a) 71. (c) 72. (c) 
73. (d) 74. (c) 75. (c) 76. (c) 77. (b) 78. (d) 79. (c) 80. (d) 
81. (d) 82. (d) 83. (b) 84. (c) 85. (b) 86. (a) 87. (a) se i 
89. (a) 90. (a) 91. (e) 92. (d) 93. (e) 94. (a) 95. (c) rer 
97. (a) 98. (a) 99. (c) 100. (a) 101. (c) 102. (e) 103. (c) i 
8. (a) 109. (d) 110. (c) 111. (b) 112. (b) 
105.(b) 106. (c) 107. (b) 108. (a 120. (d) 
116. (d) 117. (d) 118. (a) 119. (a) : 
113. (d) 114. @) ee : 5.(c) 126. (d)  127.(a) «128. (a) 
np ome e np i (o) 134. (d) 135. (c) 136. (c) 
129. (c) 130. (b) 131. (b) 132. (a) p a 142. (a) 143. (c) 144. (c) 
a ne nal non 149. (e) 150. (b) 151. (c) 152. (a) 
145. (b) 146. (a) 147. (a) romaine 157. (a) 158. (a) 159. (a) 160. (d) 
153. (a) 154. (a) 155. (b) ee 165. (c) 166. (c) 167. (d) 168. (e) 
161. (e) 162. (e) 163. (c) a. 173. (b) 174. (b) 175. (b) 176. (c) 
169. (b) 170. (a) 171. (b) 172. (b) seta 182. (a) 183. (c) 184. (a) 
177. (d) 178. (c) 179. (d) 180. (b) a 190. (c) 191. (c) 192. (c) 
185. (d) 186. (d) 187. (a) 188. (b) 197. (b) 198. (d) 199. (e) 200. (a) 
193. (b) 194. (a) 195. (c) 196. (d) le 206. (d) 207. (c) 208. (b) 
201. (c) 202. (c) 203. (c) 204. o aia) 214. (d) 215. (d) aa A 
209. (a) 210. (b) 211.6) 212C L) 222a) 22330 jz 
220. (e) 22 231. (a) 232. (a) 
217. (c) 218. (b) 219. (a) Ad 229. (a) 230. A pin ane 
225. (a) 226. 227. (d) 37. (a) 238. 
241. ; 244. (e) 254. (c) 255. (c) 256. (c) 
(c) 242. (b) 243. (c) 253. (d) 264. (a) 
249, 252. (c) 262. (a) 263. (b) 
(a) 1. (b) ) 
265 258. (a) 259. 968. (a) 269. ( TAE) 279. (c) 280. (e) 
a - (a) 266. (b) 267. (c) 576.(a) 2a (b) pee 287. (b) 288. (a) 
j 3. (c) 274. (a) 275. (b) j (a) 285. (c) i 7 295. (a) 296. (d) 
81, (e) 83. (a) 284. (a 293. (c) 294. (d) 304. (b 
28 PE a 2. (d) i 02. (d) 303. (d) . (b) 
9. (a) 291. (c) eum 301. (b) anes 312. (e) 
297 ae) 300. (b) 310. (b) 311. (e) Ey 
” (d) 9. (e) 309. (a) 320. (b) 
305 oe) a 308. (b) 318. (d) 319. (b) 
e (c) 306. (a) 307. (e) 317. (c) 327. (e) 328. (b) 
313. (b) D 316. (c) ae, 326. (b) 36 
321 314. (a) S15. ( 324. (d) aa diid) 335. (b) 336. (b) 
399 © 322. (d) 323. (d) 332, (6) 333. (b) 
* b) 330. (c) 331. (b) 
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(a) 342. (c) 343. (b) 
34l. r 350. (a) 351. (c) 
ea 358. (c) 359. (b) 
oe 366. (a) 367. (b) 
79.) 374. (a) 375. (b) 
oat. (d) 382. (a) 383. (c) 284 
389, (b) 390. (d) 391. (b) 399 la) 
397. (a) 398. (a) 399. (c) 400 () 
405. (d) 406. (e) Od oo gaa 
413. (d) 414. (c) 415. (b) die le) 
T th) 422. (c) 423. (c) ai 
4.(q) 
429. (a) eae) MBL) Sa gy a 





340. (d) 
339. (b) 
ae 48. (b) 
337. (c) ni a 347, (b) = w 
345. (c) com i s aot 
353. (b) ope eo 264d 
se o 370. (b) 371. (c) EO. 0) 
ope | 379. (c) 
378. (b) 
gen 386. (b) 387. (d) ve E 
: sa A 394. (e) 395. (c) 3 “fe 
am 402. (a) 403. (e) 40 y 
i 410. (e) 411. (d) 412 ; 
409. (b) out one 
417. (b) 418. (b) č 
| 427. (a) 428. (d) 
425. (b) 426. (b) ap 
433. (a) 434. (b)* 435. (c) 





420. 






Provide single suitable word(s) for following 






statements: 


l. 


2. 


“Indicates that explanatory note is give 


- A design which is b 


- Science concer 


- Repeated attempts to a 
. F 


- To establish a 


To innovate and to create. 


Iterative decision making process to conceive and 


implement optimum systems to solve problems and 
needs of society. 


- A process of achieving a plan for the construction of a 


machine. 


- A purely mathematical design based upon principles of 


mechanics of materials and machines. 


- A design based upon standard practice and past 


experience. 


- A design evolved considering aesthetics, ergonomics and 


production aspects of design, 


objective function u 


Prescription for tran 
useful, physica] objects. 


(gathering), a 


Ccomplish the aims 
acts, data, unorganised knowledge or intelligence 


n Overall concept for t : : 
will serve as a guide for the detailed cote which 


n at the end. 


434. 


14 


- A general basis for standardising and gr adinga sf 
- The plastic deformation which persists aft 


- The stress at which the non-proportional 


- Lozd per unit deflection. be 
+ The maximum strain energy which can 


. te § 
- The ratio of the elastic limit to the ultima f 
- The maximum stress below which a 


Spring constant « =. 


Ratio of 2.5 cm and 1.25 cm diameter oy, 


Al 1 
25) 8 


— = ama - - -ase 
— RRO ET me rir ae 

LS A I A LO LI A EF SI I SAE i NE g A Pe FEE NT ar I ot ee may me > i 

“te ox ~ . = ~ = ; 





Describing the design process involving a detaile] | 
examination of the designer’s action as he goes about . 
identifying and solving the problem. | 


- Representation of the real world on desk in symbolic 


form or in the laboratory. | 


Design activity involved in modification by making 


relatively small changes to produce machines/produets 
which already exist. 


- Combining several best alternatives together to ensure 


ee refers to the flash of insight, the 


instantaneous production of something new and 


that desired end result is achieved. | 
| 
important. 


- Searching the solution for similar problems which exist | 


in other areas whose solution might give hints. ed 
A method for collective problem solving which attemp® | 


: ation 
to apply much more control on an idea gener 
process. 
mes 


of similar dimensions, characteristics, etc. r the 
e 


removal of the applied load. elongati” 
„taal gaug 
amounts to a specified percentage of the origin? 
length. 


Strain energy stored per unit volume. 

8 
stored ý% 
material per unit volume. treng” E 
a] ca 
jal ° 


mater 
f stres: 









withstand an infinite number of cyclers ° 
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3 
a g 
a 0 
= i 
2 | 


E 
C abs 






$ ç © 


9 ’ 
0 


gl. 


32. 
93. 
34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


— 


42, 


48, 


4 


50, 


ò 


02, Largest j 
3, lameter of a screw thread. 


ò 


so 
~J 


hmi 


g MAGHI! = 
of the fatigue limit to the tensile strength 
cess of improving fatigue properties by oper: s 
gan under the endurance limit. — 
ats - ovement in the fati 
rocess of improven e fatigue properti 
The P q by understressing and then raising ite 
in small increments. ; l 
j -Jow and progressive deformation of a materia] with 
ie under a constant stress. 
sealing devices which establish a direct contact between 
ye sealing component and the rotating shaft. 


here is 00 mechanical contact with rotating shaft in 
= seals and thus no rubbing contact exists. 


he 
e d with the least possible flow and simultaneously 


je mit unrestricted relative motion between moving 


parts. 
A pressure vessel is defined as thin or thick depending 


on ratio of plate thickness to the mean radius of pressure 
yessel being less than or more than ........... 

An operation performed in a round nosed chisel by 
pressing at the ends of bevelled plates to obtain 
leakproof joints. 

Type of rivets used for joint which is accessible from 


only one side. 
According to ..........+. formula, the diameter of rivet 


= 6,/thickness of plate . 


A key inserted into the keyway which is partly in the 
shaft and partly in the hub. 

Akey consisting of two keys driven at 90° or 120° apart 
and fitted diagonally and used for heavy duty power 
transmission in either direction. 

Arectangular key with the two ends bevelled off at 45° 
to facilitate assembly and disassembly. 


. Snap rings used to prevent axial motion of two 


concentric parts. 


. A joint used to connect two rods subjected to tensile 


loads only. 


: Cylindrical members threaded at both ends. 
- A special form of fluid film lubrication in which the 


development of effective films is encouraged by local 
elastic deformation of bearing solids. 


A plate or cylinder which communicates motion to a 


‘llower by means of its edge or a groove cut in its 
Surface, 
vombinations of gears in which some or all of the gears 
and < mounn compounded of rotation about an axl1s 
4 translation or revolution of that axis. 
Gan for general use, especially where — 
: j etals an 
plasties required and for gray 1ron, soft m 
a for applications requiring greater strength or 
re Sp length of engagement is limited. 
thr 9 al highly stressed parts and where internal 
S are required in thin walled fasteners. 


allest a: 
st diameter of a screw thread. 


54, 


55. 


56. 


57 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


77. 
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Used for fastening collars 


to prevent relative iala ea ER 


N key n or translation. 
*Peeeeenes S pr ; 
while allow; Prevent parts from turning on a shaft 


i j 
g them to move in a lengthwise direction. 


It m 
akes a i 
semipermanent connection between two 


shafts. 


Couplings havin 
runner, there bei 
the two shafts. 


C . ; ; 
ouplings which permit the disengagement of the 
coupled shafts during rotation. 


Brakes used with flywheels for quick braking and 


where large kinetic energy of the rotating masses 


precludes the use of block brakes due to excessive 
heating. 


& two basic parts, an impeller and 
ng no mechanical connection between 


Drives with efficiency of 98 to 99% having no slippage, 
no initial tension, and possibility of travelling in either 
direction. 


Built up of strands of wires laid together. 


Wing ropes in which the wires and strands are laid in 
the same direction. 


A rope made of 6 strands, each of 19 wires, the strands 
being laid around a fibre core. 

Rope constructed of 6 strands of 7 wires each, lang- 
lay, laid around a fibre core, and covered with an outer 
layer composed of 12 strands, 7 wires, regular-lay. 
Tooth form of gears for intersecting shafts. 

The ratio of number of teeth in the gear to the diameter 
of the pitch circle. 

The distance along the line of action between 
successive involute tooth surfaces. 

The acute angle between the common normal to the 
profile at the contact point and the common pitch 


plane. 
The circle from which the involute tooth profiles are 


generated. 
Bevel gears for right angled shafts and gears having 


1: 1 ratio. 
Bearings to prevent lengthwise motion of a rotating 


shaft. 
Means used to prevent or minimise leakage of a fluid 


through mechanical clearance in either the static or 


dynamic state. 
Unique flange packings having an elastometer lip 
generally bounded to a metal cup which is press-fitted 


into a smooth cylindrical bore. 
Under dynamic stresses, thë sorsi limit of the 


material should be taken as the criterion for the design 


of the shaft. 
For a shaft h 
critical speed is proportional to ............. 

Type of spring suited for space limitations and for 
providing variable stiffness. 

Type of spring for high compression capacity and to fit 


into small space. 


aving distance ‘l’ between supports, the 
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1. 
_ empirical design 


, engineering design 
6. industrial design 





designing 


. machine design 
. optimum design 
. iteration ` 


y 10. brainstorming 11 
k niia desiga 14. anatomy of design me i 
17. synthesis 18. creativity 19. analogy 
21. preferred numbers 22. permanent set 23. proof stress 
25. stiffness 26. proof resilience 27. elastic ratio 
29. endurance ratio 30. understressing 31. coaxing. 
33. interfacial seals 34. interstitial 35. interstitial seals 
37. caulking 38. blind rivets 39. Unwin 
41. Kennedy key 42. barth key 43. circlips 
45. studs 46. elasto-hydrodynamic lubrication 
48. epicyclic gear trains 49. coarse-series threads 50. fine-thread series 
52. major diameter 53. minor diameter 54. set screws . 
56. coupling 57. fluid couplings 58. clutches 
60. roller-chain drive 61. wire rope 62. lang lay rope 
64. non spinning hoisting rope 65. bevel 
67. base pitch | 68. pressure angle 69. base circle 
n an bearings = packings | 73. oil seal 
. | . conical helical spring 77. Belleville spring 









4. rational design 

8. morphology of design 
12. information 

16. design by evolution 
20. synectics 

24. resilience 

28. endurance limit 

32. creep 

36. 1/15 

40. sunk key 

44. Knuckle joint 

47. cam 

öl. extra-fine threads 
55. feather 

59. eddy current brakes 
63. standard hoisting rope 
66. diametral pitch 

70. mitre gears 

74, endurance 
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used in Foundry Shop 

Green sand is the one in its natural State, and 
practically moist. Due to dampness it has excellent property 
f conformability. Mould made of green sand should be 
properly vented. 

Dry sand. When moisture from green sand mould is 
removed, it is known as dry sand mould and used for large 
size castings. 

Loam sand. It is a mixture of clay (about 50%) and 
freclay. Sand with water (18 to 20%) obtains a thin plastic 
paste which is plastered on moulds with soft bricks, and 
hardens on drying. 

Facing sand. It is applied on the face of the mould 
and comes in contact with the molten metal. 


Sands 


PART 1-PRODUCTION TECHNOLOGY 





Manufacturing, Industrial 
and Maintenace Engineering 





Backing sand. It is the used sand obtained from 
mould and is used again and again. 


Parting sand. It is fine sharp dry sand used to keep 
the green sand from sticking to the pattern and also to keep 
the boxes separated. 


Foundry Practices and Equipment 


Moulds are made by patterns. Mould is made by 
packing moulding sand around the pattern in a flask. It 
usually consists of two parts, top known as cope and bottom 
as drag. Cores are used to form cavities. Patterns should be 
carefully designed, constructed and finished. Various types 
of patterns are loose, gated, match-plate, follow board etc. 
Machining allowance, shrinkage allowance and draft should 
be taken into consideration in the design of patterns. 





Bottom board 


Fig. 11.1 


Various types of sand moulds are : Green sand, dry 
sand, floor and pit shell, plaster, lost wax type etc. 

Fig. 11.1 shows the nomenclature used for a sand 
Mould, 
Fig. 11.2 shows the six important aspects of gating 
for casting. 
Hand ramming. It has low initi 


labor: 

Or i l 
oe US and slow. Hardness is varia 
“Perator. 


design 
al cost. Method is 
ble depending on 


ontal surface 
dropped. The 
line of pattern 


beray, lt ramming. It is best for horiz 
ensit ° the mould is lifted repeatedly and 
ihe: Packing is greatest next to parting 
“st near the top of flask. 
queezing. It is best for shallow flas 


Telat: i 
elatively small work. Produces more unifo 


rm results. 


Pouring basin 


Ceramic 
strainer l 
Shape of = 
sprue 






Ceramic 





ain, 
ee 





a ANGS ve 
Sd — Tha A i SA 
Ve “Pei te Er J reen p ArI 


Vena 
contracta 


Fig. 11.2 


Sand slinger. It is fast process and produces uniform 


ramming. The initial cost is high. 


483 
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shows how the hardness of sand in flask 


Fig. 11.3 
is depth for different methods. 


varies along the 





Jolt 
A 


Squeezer 


Flask depth -—»= 


sand 
slinger 


Hardness > 


Fig. 11.3 
In permanent mould casting method, fluid metal 
by hand into metal moulds without external 


Semipermanent moulds, use sand cores. In 
tal is under centrifugal force 


speed. 


is poured 
pressure. 
centrifugal casting, me 
developed by rotating at high 
Die casting machines consis 
molten metal, a metallic mould or die, and a metal- 
transferring device which automatically withdraws molten 
metal from the basin and forces it under pressure into the 
die. 
Vacuum Casting 
It reduces porosity, improves surface finish, physical 
properties of casting, reduces injection pressure, simplifies 
gating and increases operating safety. 
Metal working operations. In metal working, metal 
is forced to move into new shapes by plastic flow. Hot working 
is carried out above recrystallisation temperature and cold 
working below it. Hot working is limited by the chilling of 
the material and the tools, scaling of the material and. the 
life of the tools at high temperatures. Since no recovery occurs 
in cold working, the properties of the metal are altered in 


the direction of increasing strength and brittleness occurs 


throughout the working process, and there is consequently a 


limit to which cold working may be carried without danger 


of fracture. 
' Basic rules for good casting design 
— Avoid complicated casting by making parts in 
sections and joining them subsequently. 
__. Thickness of all parts should be sufficient for proper 
running of metal in the mould. 
— Avoid sharp angles and use gentle contours. Always 
present a cooling surface. 
ie Sections should be as uniform in thickness as 
pains Abrupt section changes are to be avoided 
Make transition gradual, blending heavier secti ; 
into light ones. _— 
— Bring minimum nu 
mber of sections t 
| o 
Sia the member junctions. cen 
— For adjoining secti 
and avoid h ot ae replace corners with radii 
eee stress concentration. 
pies ultiplicity of cores. 
— Avoid int i 
ersecting ribs by staggering. 


- Employ rib 
s only wher 
stre e necessary to 1 
ngth or reduce weight or avoid —“— 


t of a basin holding 


oe moe 
ut TE: Ád | EEY 
PP EA. r 
aa 






__ Reduce bosses, lugs or pad and other p 
r 


ae 


— Openings in castings walls should 
of curvature. be of 3 
— Avoid reentrant angles. 
_ Design all sections as nearly uniform i 
as possible. ‘m thickne 
— Since inner sections of castings result: : 
complex cores cool much slower, the dt fto 
inner section should be 9/10th of the iki essy 
outer wall. teknes yy 
— Ribs are provided to increase stiffness and 
weight. Thickness of rib should be equal i Tedutg 
casting thickness and shouid be roun es. 80% q 
and correctly filleted. at edge 
__ Avoid the use of ribs meeting at an acute ano] 
Ble, 


Power press operations. Shearing is the 
common action in power presses. Shearing ae 
operations like blanking, piercing, perforating, ee 
broaching; trimming, slitting and parting. Shea 
operations traverse the entire plastic range of metals to g 


point of failure. 
In order to 
shear is provided on 
sheared at the same 
flat and thus punch 1s 


large 


reduce maximum load on punch, angle of 
punch or die so that whole portion is not 
time. In blanking the blank should be 
made flat and shear provided on the 


die. In hole punching where the scrap is punched out, the die 
is kept flat and shear provided on punch. Clearance between 
the punch and die is required for a clear cut and durability. 
Usually clearance all around the punch is. 8-10% of metal 
thickness for soft metals and upto 12% for hard metals. A 
sheared edge may be squared up by shaving operation. 
Bending operation is performed in a variety of 
presses, brakes, forming rolls, roll straighteners etc. Spring 
back due to the elasticity of the metal and amount of the 
bend, may be compensated for by overbending. 


Drawing includes opera 
or drawn, in suitable containing 
blanks into cylindrical cups oF rectan 
shapes, deep or shallow. Approximate diameter of bla 


shells 
= |(dia.)? +4 x dia x height of shell 


Squeezing. In squeezing, the metal is 
compression. Sizing, Or the flattening Or surfacing ° E i 
of forgings or casting is the least severe squeezing operatio 
In swaging or cold forgings the blank is squeezed to a 
appreciably different shape. i 


worked 1 


Hot forging perm! 
greater movement of the metal. It may e done 
hammers, percussion presses, power presses, ‘ 
machines. Drop hammers are rated accordin 
ram. In coining, stamping and embossing op 
metal is well confined in closed h it 6 
flow to fill the shape. Extrusion 1s 
squeezing processes. In extrusion process; 
to flow rapidly through an orifice. 


Cold working of metals oD 


_ Shearing. It is the operation of cutting plant 
continuous sheet for carrying further operations: 
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yaring shears. These are used for producin 


ks of various sizes. 8 Straight 


tod blaP l 
ide Alligator shears. It provides shearing action simi] 
pat af scissors and used for shearing bar stock, ~ods, pla 2 


Rotary shears. These are used to produce circular or 
Ear shapes in sheet plate. Two revolving, tapered 
ae: cutters, one above and other below the sheet ar 
ceca e of round shape of cutters no restriction is 
i movement of workpiece in any direction. 

Slitting. It is the operation usually carried out to divide 

arent coiled sheet into narrower coils. Rotary alligators 
eonsisting of circular blades are used. 


Blanking and punching. These are the basic die 
utting operations. Blanking is carried out to obtain 
workpiece blanks of desired shape to carry further die 
operations. Punching is done to cut a slug from stock to 
duce hole. 

Precision blanking. It produces high dimensional 
accuracy of edge of the part along the entire punched surface. 
fine blanking presses require completely ground dies with 
sero clearance between punch and die, and triple action 
presses. 

Piercing. It is a piercing operation in which a pointed 
bullet shaped punch is forced enough to produce a hole with 
rough flange. 

Perforating. It is the operation of punching a pattern 
of holes in similar or continuous rows. 

Notching. It is the operation of removal of excess metal 
from the edge of a strip to make it suitable for drawing 
without wrinkling or to obtain final complicated shape which 
was not directly possible by blanking. 

Semi-notching. It is not used only at edge but 
throughout the perimeter. | 

Lancing. It is the operation of cutting in a single line 
across a part of the metal strip to allow bending or forming 
in progressive die operation while the part remains attached 
to the strip. 

Slugging. It is a punching operation in which the 
punch is stopped as soon as the metal fracture 1s complete 
and thus the slug is not removed but is held in hole. 

Trimming. It is the operation of cutting off the excess 
metal at edge which was required for gripping purposes 
during press working operation. 

Bending and flanging. These are the methods of 
Producing shape by stressing material beyond its yield 
Strength but below its ultimate strength. 

= Beading. It is the process used to form shallow, round 
ased recessed troughs of uniform width in a straight, curve 
r circular form. 
Embossing. It is the process used to 
i ke on both sides of metal, so that one sì 
e other is raised. 
Prov; enn In it the edges of she 
oe and a smooth edge. ia 
&lng. i expan 
cylindrica] tc It is employed to exp 
nifon d roll forming. It is a process of fo 
cross-section from sheet strip, OT 


e used, 
offered 


pro 


create shallow 
de is depressed 


design 
et are turned over to 


tubular or 


rming shapes of 
coiled stock by 
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feeding it longitudinal] 
each pair of rolls progr 
— cross-section is produced. 
i i , 

nahen n r It isa method of producing contours 
The ter ower i bending previously roll formed sections. 
T a edges of sheet or formed section are gripped 

nd moved to pull the sheet against the contour of a 


stationary form block unti 
until th 
a age ces e metal stretches to conform to 


y through successive pairs of rolls, 
essively forming the stock until the 


Serie a It is a metal-forming process in which a 
S of impact blows transferred on dies to the solid or 


tubular work 
ork cause a change i : 
e 1n cross-se n i 
sh ape. 8 ction or geometric 


Drop forging. The difference between drop forging 
and smith forging is that in drop forging closed-impression 
dies are used and there is drastic flow of metal in the dies 
due to repeated blows, the impact of which compels the plastic 
metal to conform to the shape of the dies. 


Pr aa forging. For forgings symmetrical in shape, 
press forging employing a slow-squeezing action in deforming 
the plastic metal is employed. 

Hammer and press forgings. Hammer forgings may 
be made from cut pieces or from the end of heated bars and 
press forgings are invariably made from cut pieces. 

Hot bar forging. This process is used to reduce an 
ingot heated at around 1300°C into a bar. 

Upset forging. In upset forging operation, a bar of 
uniform section is gripped in the fixed half of the die so that 
the requisite length projects, and pressure is applied at the 
heated end thus causing it to be upset or formed into some 
desired shape. 

Cored forging. The process of cored forging consists 
of hot-forming parts in dies which include movable cores for 
internal shaping. 

Rotary forging. Rotary forging uses four 
mechanically driven hammers to rapidly exert force 
simultaneously on four sides of the work piece, resulting in 
spreading to occur in the desired longitudinal direction. 

Wobble forging. In Wobble forging, only a small 
portion of the part is deformed at any particular time. The 
upper die is rotated about an inclined axis which itself is 
rotating and the lower die is gradually moved up. This process 
can be applied only to circular products. 

Extrusion. It is defined as the process of pushing the 
heated billet or slug of metal through an orifice into a die, 
thus forming an elongated part of uniform cross-section 
corresponding to the shape of the die orifice. 

Welding. A weld is defined as a localised coalescence 
of metal wherein coalescence is produced by heating to 
suitable temperatures without the application of pressure, 
and with or without the use of filler metal. Various types of 
welding processes are : arc welding, gas welding, resistance 
welding, brazing, thermit welding, forge welding etc. In 
welding heavy sections, it is desirable to deposit weld metal 
in two or more passes which results in improved structure 
due to part annealing of previous layers while welding next 
layer. 

Arc welding may be done with carbon or metal 
electrode. It may be shielded or unshielded. Arc is maintained 
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Lathe. It is the most popular turni 
any workshop. Size of lathe is specified 
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he work. In 
rrent. In D.C. are 





the electrode and t 


between i 
current is used and in some alternating CU » l 
the greater portion of the heat is liberated at the positive (diameter) and a distance between centres h 
E nfluences the stock is flush with the end of the bed, and When th 
bed. Machine tool feeds and speeds sae the le 0 
ire 


of the electrode l 


i ted t 
f heat imparte degi nee E 


o the work. In ae g 
ometrical progression. ‘he carriage 
of g 
latho m êd T 


terminal. The polarity 


penetration and amount 0 | ee 
. : the negative ge 
ht polarity, the electrode 1S connected to ee 
Anne] and in reversed polarity to the positive terminal. a n S pin eee of ease aah for thread AY hp iy 
á i , s. rectifier through a teea ro riving through a fricti cut 
Are weld aa a or Bel a es Sher prime for general turning and facing erations va duteh nad Or 
= a l driven positively by a train of gears from ps ery 
j . > £ ne Sn} 
In gas welding heat is supplied by burning a mixture — ohare henge facing, taper turning pè 
of oxygen and acetylene (usually). The gases are mixed in a | can 0° © aes se utility of lathes, Oring) | 
ye . ding fl Ratio of Turret lathes may be classified 
torch or blowp1pe which controls the welding flame. ied as ram | 
| flame. In mounted on ram which slides in a separate bage tn | 
ich e | 


be clamped anywhere) and the saddle types, Work ma, | 
held in a chuck or be machined from bar stock. With may hg 
tools, setups can be made quickly so that combined standar 
and successive cuts can be made on a part. Multiple 
Turret lathes set up for bar stock are often called 
sed for light work. Automatic screw nach | 
ndle or multiple spindle. The tools in si | 
d on a turret and on cross-slides or i £ 
ross-slides. Multiple machines have hur 
h carrying a bar. Feeds are selected s 
minimum. Plentiful supply of cutting 


1:1 of oxygen an 
forehand welding t nted ahead 1n the 
direction of welding and the welding rod precedes the flame. 
Iding the torch flame 1S pointed back in the 
g and the rod is interposed between the 

lly higher 


lten pool. Weld quality is genera 


he molten metal has less | machines and u 


may be single spl 
spindle are carrie 
circular drum and c 
to eight spindles, eac 


flame and the mo 

with backhand welding since t 

chance to be exposed to atmosphere. 
Oxyacetylene welding of steel is 


any flux while fluxes are necessary for weldi 
ing 1S employed for wrought 


performed without 
ng particularly 


all other metals. Oxygen cutt oac 
iron, steel and cast iron. that the cutting time 1S 
Resistance welding. In resistance welding, fluid is used to increase tool life and provide a better surface 
finish. 


Turret lathes are used for the production of parts in 
moderate quantities and produce interchangeable parts at 
low production cost. In a turret lathe, with standard tools, 
setups can be made quickly so that combined, multiple, and 
successive cuts can be made on a part. By combined cuts, 
tools on the cross-slide operate simultaneously with those 
on the turret. The machine may be so arranged that after 4 
piece is chucked and the machine started, it will complete 
the machining cycle automatically and come to stop. They 
may be horizontal or vertical and single or multiple-spindle 

Ram type turret lathes have the turret mounted 00 8 


ram which slides in a separate base. 

Saddle type turret lathes have the turret moun 
a saddle which slides directly on the bed. Whe turret K 
are setup for bar stock, they are often called sere” je the 


Single spindle machines rotate the bar stock from Wn co 
part is to be made. Multiple spindle machines ia „hih 
a 


8 spindles each carrying a bar © the mater! 
the piece is to be made. +i 

_ Boring machines may be horizontal or Y° “at 
Horizontal boring machine 1s used for work n° 


revolved for milling, slotting, drilling; tappine: “ils 
Vertica 


hat can fou! ja" 


coalescence 1S produced by the heat obtained from the 
resistance offered by the flow of electric current in a circuit 
of which the work is a part, and by the application of pressure. 
The duration of the application must be short to limit the 
zone of melting in order to obtain quality welds. Electrodes 
are copper alloyed with metals like molybdenum and 
tungsten, with high electrical and heat conductivity, and 
sufficient mechanical strength, and water cooled. Resistance 
at the surfaces of contact between the work and the electrode 
must be kept low. 
In spot welding the parts are lapped and held in place 

under pressure. Seam welding process produces a series of 
spot welds made by circular or wheel type electrodes. A mash 
weld is a seam weld in which the finished weld is only slightly 
thicker than the sheets, and the lap disappears. In projection 
welding, the heat for welding is derived from the localisation 
i A — points by means of projections, 
velding or toe eet adequate welding pressure. Butt 
approximately equal cr a ee eee ae : 
are beads eas R ae ion. In flush welding the parts 
ia i ightly with current flowing, and then 
ea slightly; a flash occurring at the interface. In 
the edie nee 3 eat is produced simultaneously over 
a rapid dischar i P chon a R 
immediately by the ° shored electric energy, followed 

application of pressure. 


y-t 
O 
D 

-.- wm 
ct 
co 


used for a wide range of face plate wor 


Brazi , : 

virtually rhe (a sort of welding process) is used for joini Work is fastened to horizonta 

Coal metals and dissimil Ya joining | independent ch “q] T slots: diok 

T escence is produced by h ilar combinations of metals pendent chuck with extra radia dle gl if 

by the ae point of the sl aera above 425°C but below h A jig boring machine has 4 single SP ginal j | 

rai of the molten filler m re yess . Joint is made ead mounted over a table adj ustable Peate he ‘fe 
brazing A of brazing e al by capillary attraction. transversely by lead screws which rough Y end m ai : 
brazing. nduction brazing, dip br torch brazing, furnace under the spindle. Precision setting 1 done x acct!’ ge 
azıng and resistance rods and dial indicator. These ar®° u atio” a 
efinl 


finishing holes and surfaces in d 
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prilling machines are used for drill; 

tap. Vertic rilling machines are desi 

re of the largest circle that can be drilled atis ` the 
ver the machine. The size of radial drill is designated bo 

w rength ofthe arm, representing the radius of a piece whi y 

n be drilled in the middle. which 


Most commonly used tool in drilling is the twist dril 
h is made in many sizes and lengths. l, 


Reaming machines. A reamer is a multiple-cutti 
-cut 
dge tool used to enlarge or finish holes to give A 
.“ensions as well as good finish. Reamers may be divided 
„s rose type OF fluted type. Reamers usually float in their 
polding fixtures to ensure alignment. 


Milling machines. These use multiple teeth cutters 
Various types of milling machines are column and knee type, 
vertical and horizontal, fixed-bed, rotary, drum, planetary, 
planer type etc. Milling cutters are made in a wide variety of 
shapes and sizes. These are broadly classified as profile 
cutters (the teeth of which are sharpened on the land) and 
formed cutters (which are sharpened on the face to retain 
the true cross-sectional form of the cutter). Chip space should 
be large enough to permit a reasonable number of 
sharpenings of the cutter and be so formed that the chips 
may curl without binding or heating the cutter. 

Climb milling gives a better surface finish and longer 


tool life. 
Gear cutting machines. Gear teeth may be formed 
by milling, shaping or hobbing process. The gear cutting 
machines produce gears by any one of the four principles of 
action : 
(i) Formed tool principle. It uses a tool or 
shaped to the tooth space. 
(ii) Templet principle. 


ng holes, 
general boring 


whic 


cutter 


The action of cutting tool is 
controlled by a templet corresponding to the tooth curve. 

(iii) Pentographic principle. The tool is guided by a 
suitable mechanism, so that its path closely approximates 
the tooth curve. 

_ (iv) Generating principle. A tool (having its cross” 
section different from the desired shape of the tooth) 1s moved 
insuch a relation to the gear to be generated that the proper 
shape of the tooth results. i 

Hobbing process is used for rapid pr we 
great accuracy. Shaping process uses 4 pinion-shaped a a 
as the cutting tool. The cutter is first brought to the full n 
i the space to be cut and then the cutter and work revo 
ogether as if they were meshed. 
Templet principle (with shapin 
Bears, and in rolling mill work. 
a Bevel gears may be made by ™! 
Pee method. Bevel gear generato 
Asai the motion of the straight-s} 
as the generating tool. 

_ Gears are often finished by sh 

na Bht-rack cutter or a circular gear cutter r et aA 
n mesh. The cutter of accurate shape a their surface: 


or 
slotted at one or more points alon 


oduction with 


g action) 1S used for very 
large 


de basic-rack tooth 


aving 1D which a 
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Burnishin 

T £ of unhardened gear is accomplished b 

burnishing a by one or between three hardened 

are finished b a ightly oversize. Hardened gear teeth 
Y grinding or lapping. In lapping, the gear 


to be fini 
Inished i è 
1ron | S run in mesh at cr d ; 
ap. ossed axes with a cast 


Plane 

flat iota Hace are used to rough and finish large 
made with pro imeés arcs and special forms can also be 
clamped to a head tools and attachments. Planer tools are 
minted in a a N comprising a clapper attached to a ram 
horizontal r 3 addle which, in turn, is mounted on the 
housing. Th ai’ or attached to the face of the vertical 
the a 7 = of a planer is indicated by the width of 
height eal ae housings, the maximum 
Lunan ai, e rail, and the length of the platen 


Shapers are used for miscellaneous planing, 
surfacing, notching, key seating and production of flat 
surfaces. The tool is held in a holder supported on a clapper 
on the end of a ram which is reciprocated in a straight line. 
A table carrying the vise and the work feeds transversely on 
each return stroke. In vertical shapers or slotters, the ram 
reciprocates vertically. 

Broaching. It is a production process in which a 
broach is used to finish internal or external surfaces such as 
holes of circular, square or irregular sections, keyways, teeth 
of internal gears or flat surfaces etc. Broach is a long tool 
which is provided with many teeth so graded in size that 
each takes a small chip when the tool is pulled or pushed 
through the previously prepared hole. The main features of 
the broach are pitch (distance from one tooth to the next), 
degree of taper, relief, tooth depth and rake. | 

Grinding. Grinding machines use grinding wheels 
made by fixing abrasive particles in a binder which is usually 
hardened by baking. Various types of grinding machines 
are cylindrical grinders, surface grinders, centreless 
grinders, universal grinders, etc. Various variants 
influencing type of grinding wheel are type of abrasive 
(Al,03 and SiC), grain size or grit size, grade of hardness, 
and type of bond. Al,O, is used for grinding materials of 
high tensile strength. It is fast and free cutting, and can be 
used for heavy speed, on high speed steel and alloy steel. 
SiC is used for grinding materials of low tensile strength. 
Coarse grain 1s used for removal of stock and for ductile 
materials and fine grain for fine finish and for hard, dense 
and brittle materials. For short contact, wheel should be 
hard. Higher the work speed with relation to wheel speed, 
the harder the grade should be. Harder wheels are also used 
with machines in poor condition. Wheels subjected to 
bending strains should be made by the shellac, resinoid, " 
rubber process. For rapid cutting, vitrified bond is used. 
Rubber or resinoid wheels are used at higher speeds. For 
highest finish, shellac or rubber wheel 1s preferre l 

The wheel should be supported on the spindle with 
as close a fit as possible for safety reasons. The wheel a 
should be sharp i.e., present newly fractured crystals to the 
face to act as cutting tools and for this 1t 1s trued from time 


to time. 
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Raa Grade soft Structure ype Ae 
Prefix Abrasive Grain size (A-H) Dense (1-8) V-Vitrified ree Acturey, 
a Ag Medium Open (9-15)  S-Silicate ne 
symbol A—Al,03 ae P) B-Resinoid Bee 
indicating  C-Silicon eae Hard (Q-2) BF-Resinoid Be 
exact kind carbide (36-760) ae Reinforced ‘ t A 
of abrasive) Fine R-Rubber | i JQ Í 
(Optional) (70-180) RF-Rubber Ba 
Very fine Reinforced ee 
(220500 E-Shellac RR E 
O-Oxychloride | 
mE r i ife influenced by Shear strain undergone by the material age 
Grinding wheels have Ga vive), (iii) BF de, (iv) | tan (> - a). Chip gets curled due to non-uniform Str + 
e shear plane. ess 


(i) type of abrasive, (ii) grain si 
structure and (v) type of bond. Based on these parameters, 
grinding wheel is designated as below : 

Polishing is an operation of removing coarse 
scratches or tool marks etc. Polishing wheels are built up 
wheels of wood, leather, cloth, felt etc. with the abrasives 
glued to the surface. 

Buffing is a sort of finish polishing for improving the 
surface finish. Very little material is removed. 

Lapping is used to produce extremely smooth and 
accurate surfaces by rubbing the surface against a lap. 

Honing is similar to lapping and is done by honing 
stones, usually for finishing bore of automobile cylinders. 


Mechanics of Metal Cutting 
Fig. 11.4 shows the basic mechanics of the orthogonal 


cutting process in which a tool of certain rake angle a and 
relief angle y moves along the surface of the workpiece at a 
depth of t,. The material ahead of the tool gets work hardened 
and is sheared continuously along the shear plane inclined 
at angle o (shear angle) with the surface of the workpiece. 
The chip thickness ¢, is dependent on the shear angle and 
the rake angle. t,/t, 1s called cutting ratio r. 
r cos Q 


tan $= 1—rsin & 


Rake angle 
Q 


pyc Relief angle 





Work piece 


—> Vy 


Fig. 11.4 


Crater 
wear 


“Sh Flank wear 


Fig. 11.5 





distribution on th 
Four basic types of chips are : continuous 


discontinuous, inhomogeneous and built-up edge chips, 


A factor of great significance in metal cutting is too] 
wear. It could be uniform abrasive wear resulting in a straight 
wear, land or crator on the tool face, or localised wear as the 
rounding of the cutting edge, or chipping of the cutting edge 
or concentrated wear resulting in a deep groove at the edge 


of the tool. 
Best criterion 
relief side of the tool. 
The relationship between the tool life and cutting 
y the Taylor equation VT” = C (V = Cutting 
] cutting time between resharpenings and C 
ue depends on workpiece material and 


for tool life is the wear on the flank or 


speed is given b 
speed, T = actua 
= constant whose val 
machine variables, n = exponent). 

Machinability is defined in terms of tool life, power 


requirements and surface finish. 


Single Point Cutting Tool 

Fig. 11.6, shows the standard nomenc 
for single point tools, and the method of too 
The best tool shape for each material and eac 
depends on many factors. 


Effect of Various Angles 

Positive rake angles improve the cutt 
with regard to forces and deflection and are use 
strength materials. High positive rake ang 
early failure on the cutting edge. Back rake usually coP 
the direction of chip flow. Relief angles are provi 
interference and rubbing between the workpiece a 
flank surfaces. These are small for high strength mater le 
and small for high strength materials. Side cutting edg° ae 
influences the length of chip contact and the true feed “Ige 
angles are apt to cause tool chatter. Small end cutting “ete 
angles may create excessive force normal to the aes divs 8 
and large angles may weaken the tool point. Nose T? ionge 
provided to give a smooth surface finish and to obta™® i rg? 
tool life by increasing the strength of the cutting ê Be 
nose radius gives a stronger tool and is used for 7 
cuts. Small nose radius reduces forces and is PT? : 
thin/slender workpieces. 


lature followed 


] designation. 
h operation 


an 
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designation 6 125 5 1814 3 


Tool 


dy- Back rake 
q. - Side rake 
S 
0,- End relief 
9, - Side relief 
C,- End cutting edge angle 
C.- Side cutting edge angle 
R — Nose radius 





Fig. 11.6 


As the depth of cut increases, the speed should be 
reduced. The harder the condition of the material, the lower 
the cutting speed should be used to obtain same tool life. 


Cutting Fluids (Lubricants or Coolants) 


These comprise the liquids/gases applied to the 
material being cut and tool to keep them cool; reduce wear 
on tool and reduce power consumption, provide good finish, 
aid in satisfactory chip formation, wash away chips etc. 

Cutting fluids may be induced air draft, emulsion 
(soluble oil or paste emulsified with water in ratio of 1 (oil) 
to 10-100 (water), variety of oil (like sulphurised oil or 
chlorinated and sulphurised oils), chemicals and synthetics 
(used for rust prevention, water softening, lubrication, 
reduction of surface tension etc.) 

Cutting fluids may be applied as flood cooling, mist 
cooling, high pressure system or using as solid lubricants. 


Non-conventional Methods of Machining 
Electric-discharge Machining (EDM). It is based 
on the principle of erosion of metals by spark discharges. 
The spark is a transient electric discharge through the 
dielectric fluid (usually hydrocarbon) between the charged 
tol and workpiece when the potential difference between 
them becomes large enough to cause a breakdown in the 
ine: medium. The spacing between tool and workpiece 
se and therefore maintained at a constant value by a 
i mechanism. Each discharge removes a small amount 
material and discharges are repeated at a fast rate. 





l. Joggled welded joints are used 
(a) where longitudinal shear is present 
(6) where severe loading is encountered and the 
upper surface of both pieces must be in the same 
Plane 
(c) to join two pieces of metal in the same manner as 
nivet joint metals 
(2) there is nothing called Joggled welded joint 
(e) none of iheabóve. 


ULTIPLE CHOICE QUESTIONS 
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Electric. ka 


Di 7 
to the EDM Piae a Grinding (EDG). It is similar 
grinding wheel. e electrode is in the form of a 


Electro. e 
electrolytes Ee cr Machining (ECM). It uses 
the workpiece } ssolve the reaction products formed on 
electroplatin y electrochemical action (reverse 
velocity th 8 process). Electrolyte (NaCl) is pumped at high 
maintained ae a tool and gap of 0.13 to 0.5 mm is 
density bet “Vv. power supply maintains very high current 
Brod een the tool and the workpiece. Surface finish 

ed 1S very good and process is particularly economical 


for materials with hardness above 400 BHN. 


— Electro-Chemical Grinding (ECG). It is a 
ombination of electrochemical machining and abrasive 
grinding (metal is removed mostly by electrolytic action). 


Chemical Machining (CHM). In this process 
material is removed by electrochemical dissolution of 
preferentially exposed surfaces of the workpiece. Selective 
attack on different areas is controlled by masking or by 
partial immersion. 

Ultrasonic Machining (USM). A tool is imparted a 
high-frequercy, low amplitude oscillation and it transmits a 
high velocity of fine abrasive particles present between tool 
and workpiece. Thus minute particles of workpiece are 
chipped off in each stroke. Al,O,, SiC or B,C grains are used 
in a water slurry (usually 50% by volume) which also carries 
away debris. It is best suited for drilling holes and cavities 
in hard and brittle materials (like ceramics, precious stones, 
carbides, glass etc.) 

Abrasive-Jet Machining (AJM). The material is 
removed in this process by a jet of gas and fine abrasive 
particles (SiC or Al,Os). Used for drilling, sawing, slotting 
and deburring or hard, brittle materials. 

Laser Beam Machining (LBM). The material in this 
process is removed by converting electric energy into a 
single-wave length, narrow beam of light and focussing it 
on the workpiece. The high energy density of the beam is 
capable of melting and vaporising all materials. Used for 
drilling small holes (0.005 mm) in materials like fabric, 
wood, plastic etc. 

Electron-Beam Machining (EBM). It removes 
material by focussing high velocity electrons on the 
workpiece. Unlike lasers, it is carried out in a vacuum 
chamber. Used for drilling small holes in all materials 


including ceramics. 





2, In arc welding, eyes need to be protected against 
(a) intense glare (b) sparks 
(c) infra-red rays (d) ultraviolet rays 
(e) infra-red and ultraviolet rays. 

3. In which type of welding a pool of molten metal is 


used 

(a) electroslag (b) submerged arc 
(c) MIG (d) TIG 

(e) thermit welding. 
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4. Plain and butt welds may be us 
approximately 
(a) 25 mm thick 
(c) 50 mm thick 
(e) 90 mm thick. 
5. The main criterion for selection 
in arc welding is 
(a) material to be welded 
(b) type of welding process 
(c) thickness of material 
(d) voltage used 
6. Which of the following is preferred for welding of non- 
ferrous metals by arc welding ? 
(a) A.C. low frequency (b) A.C. high frequency 
(c) D.C. (d) all of the above 
(e) none of the above. 


7. In arc welding, arc is created between the electrode 
and work by | 


ed on materials upto 


(b) 40 mm thick 
(d) 70 mm thick 


of electrode diameter 


(e) current used. 


(a) flow of current (b) voltage 
(c) material characteristics 
(d) contact resistance 
(e) electrical energy. 
8. Open circuit voltage for arc welding is of the order of 
(a) 18—40 volts (b) 40-95 volts 
(c) 100-125 volts (d) 130—170 volts 
(e) 190-240 volts. 


9. The material used for coating the electrode is called 


(a) protective layer (b) binder 
(c) slag (d) deoxidiser 
(e) flux. 


10. Plug weld joint is used 
(a) where longitudinal shear is present 


(b) where severe loading is encountered and the 
upper surfaces of both pieces must be in the 
same plane 


(c) to join two pieces of metal in the same manner as 
rivet joint metals 


(d) there is nothing like plug weld joint 
(e) none of the above. 


11. Which of the followi 
in 
consumable electrode’? welding process uses non- 
(a) LASER welding 
(c) TIG welding 


(e) plasma welding. 


(6) MIG welding 


(d) ion beam welding 


12. When welding is go; 
e elding is going on, arc voltage is of the order 


(a) 18-40 volts 
(c) 100-125 volts 
(e) 190-240 volts. 


(b) 40-95 volts 
(d) 130-170 volts 
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13. Following gases are used in tungsten i N 
welding ne 


(a) hydrogen and oxygen 
(b) CO, and H, 
(d) helium and neon 
14. T-joint weld is used 
(a) where longitudinal shear is present 


(b) where severe loading is encountered 
upper surface of both pieces must be in th the 
plane © sam 


(c) to join two pieces of metal in the same m 
rivet joint metals 


(d) to join two pieces perpendicularly 
(e) none of the above. 


(c) argon and n Sin 
(e) argon and helium, 


anner ag 


15. Pick up the incorrect statement about MIG Welding 
(a) no flux required 
(b) high welding speed 
(c) increased corrosion resistance 


(d) even unclean surface can be welded to obtain 
sound welds 


(e) even materials like aluminium and stainless 


steel can be welded. 
16. Copper is 
(a) easily spot welded 
(b) very difficult to be spot welded 
(c) as good for spot welding as any other material 
(d) preferred to be welded by spot welding 
(e) none of the above. 


17. It is not possible to arc weld all types of metals with 
transformer set because it does not have provision 
for 


(a) control of current 

(b) control of voltage 

(c) control of time duration 
(d) change of polartiy 

(e) all of the above. 


18. Two sheets of same material but differen 
can be butt welded by 


(a) adjustment of the current 

(b) time duration of current 

(c) pressure applied | 

(d) changing the size of one electrode 
(e) all of the above. 


19. Projection welding is 


(a) multi-spot welding process 

(6) continuous spot welding process 
(c) used to form mesh 

(d) used to make cantilevers 

(e) none of the above. 
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al. 


22. 


23. 


24, 


25. 


26, 


27, 






e 
fje overlapped and placed between two electrodes is 


,nown as l 
(a) percussion welding 


(b) projection welding 

(c) seam welding 

(d) spot welding 

(e) butt welding. 

Half corner weld is used 

(a) where longitudinal shear is present 


(b) where severe loading is encountered and the 
upper surfaces of both pieces must be in the 
same plane 

(c) to join two pieces of metal in the same manner as 
rivet joint metals 

(d) where efficiency of joint should be 50% 

(e) none of the above. 


In resistance welding, voltage used for heating is 
(a) 1V (b) 10 V 

(c) 100 V (d) 500 V 

(e) 1000 V. 


Best reason to decide use of welding in preference to 
riveting for structural work on extension to a hospital 
could be 


(a) it is cheaper 

(b) it is convenient 

(c) it produces rigid structure 
(d) it is quieter 


(e)it is more flexiable and requires less skilled 
persons. 


In resistance welding, the pressure is released 

(a) just at the time of passing the current 

(b) after completion of current 

(c) after the weld cools (d) during heating period 


(e) the pressure is never applied. 


Grey cast iron is best welded by 
(a) TIG (b) arc 
(c) MIG (d) submerged arc 


(e) oxy-acetylene. 

Seam welding is 

(a) multi-spot welding process 

(6) continuous spot welding process 

(c) used to form mesh 

(d) used for welding cylindrical objects 
(e) none of the above. 


Upto what thickness of plate, edge preparatio 
e ding is not required 


n for 


(a) 4 mm (b) 6 mm 
(c) 8 mm (d) 10 mm 
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29 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 





Preheatj , l 
ng 1s essential į i 
l nw 
(a) high speed he elding 


el : 
(c) cast iron (b) stainless steel 


(e) aluminium, (d) german silver 


G : : 
rey cast iron is usually welded by 


(a) i 

e gas welding (b) resistance welding 
rc welding (d) TIG welding 

(e) MIG welding. 


For welding mi 
g mild st ; Soe 3 
most suitable steel, the following arc welding is 


(a) AC, straight polarity (b) DC, straight polarity 


(c) AC, reverse polarity (d) DC, reverse polarity 
(e) any of the above. 


The brazing metals and alloys commonly used are 


(a) copper (b) copper alloys 

(c) silver alloys (d) aluminium alloys 
(e) all of the above. 

Forge welding is best suited for 

(a) stainless steel (b) high carbon steel 
(c) cast iron (d) wrought iron 


(e) all of the above. 


Two sheets of different materials but same thickness 
can be spot welded by 


(a) adjusting the current 

(b) adjusting the time duration of current 

(c) adjusting the pressure applied 

(d) changing the size of one electrode 

(e) all of the above. 

Laser welding finds widest application in 

(a) heavy industry (b) structural work 

(c) process industry (d) electronic industry 

(e) all of the above. 

Which of the following carbon steels is most 
weldable ? 

(a) 0.15% carbon steel 
(c) 0.50% carbon steel 
(e) 1.00% carbon steel. 
Pick up the incorrect statement about friction 
welding 

(a) little preparation required for joints 

(b) dissimilar metals can be welded 

(c) it is best suited for welding of plastics 

tion can be welded 


(b) 0.30% carbon steel 
(d) 0.75% carbon steel 


(d) any type of configura 
(e) welds can be produced very rapidly and of sound 


quality. 


Unlike material 
thickness can be butt welded by 


(a) control of pressure and current 
(b) adjusting time duration of current 


s as well as materials of different 
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(c) adjusting initial gap 
(d) all of the above 
(e) none of the above. 
38. Cross-wire welding is 
(a) multi-spot welding process 
(b) continuous spot welding process 
(c) used to form mesh 
(d) used where additional strength 


(e) none of the above. 
temperature of the followin 


1 is desired 


39. In arc welding, g order 
may be generated 
(a) 1000°C 
(c) 5500°C 
(e) 10,000°C. 


40. Long arc lengths in welding wou 
tages and currents respectively as follows 


(b) low, low 
(d) low, high 


(b) 1500°C 
(d) 8000°C 


ld require the 


vol 

(a) high, high 

(c) high, low 

(e) any combination. 
41. Fluxes are used in welding in order to protect the 

molten metal and the surfaces to be jointed from 


(a) oxidation (b) carburising 


(c) dirt 
(d) distortion and warping 
(e) unequal temperature distribution. 
42. Metal deposited on to the workpiece from the 
electrode 
(a) is forced across the arc 
(b) falls because of gravity 
(c)is attracted towards the workpiece due to the 
positive polarity of the workpiece 
(d) is attracted towards the workpiece due to the 
negative polarity of the work-piece 
(e) is attracted due to electromagnetic action. 
43. In arc welding operations the current value is decided 
by 
(a) thickness of plate 
(b) length of welded portion 
(c) voltage across the arc (d) speed of travel 
(e) size of the electrode. 
44. The phenomeon of weld decay occurs in 
(b) brass 
(d) stainless steel 


(a) cast iron 

(c) bronze 

(e) carbon steel. 
45. Weaving in arc welding refers to 


(a) side to side motion of 
electrode at right 
the direction of the welding — 


(b) side to side moti 
on of el 
direction of the welding E 


k spiral motion given to electrode 
a technique of striking the arc 
F ) 
arc blow action due to electromagnetic forces 





gi Pod Tapk T 
or ees , 


MECHANICAL gy oe 
46. Weld spalter is au GIN 
(a) flux 
(c) welding defect 
(e) welding technique. 
47. Arc blow occurs in 
(a) gas welding 
(b) gas cutting 
(c) arc welding when straight polarity is y 
(d) arc welding when reverse polarity jg la 
(e) welding stainless steel. 
48. Low hydrogen electrodes are baked prior to 
order that U 
(a) proper strength in obtained 
(b) welding is free from arc blow 
(c) welding is free from moisture pick up 
(d) current required is minimum 
(e) electrode does not crumble during use. 


Cont: 
(d) Welding tec, 


est 


ng 


49. Gray iron is usually welded by 
(a) gas welding (b) arc welding 
(c) resistance welding (d) TIG welding 


(e) MIG welding. 


50. Stud and projection welding belong to the following 


category of welding 
(a) gas welding 
(c) resistance welding 
(e) thermit welding. 
51. In straight polarity welding 
(a) electrode holder is connected tot 
work to positive 
(b) electrode holder is connected to t 
work to negative 
(c) work is positive and holder 1s earthed 
(d) holder is positive and work is earthed 
(e) work is negative and holder is earthed. 
52. In arc welding process the intense hea 
between the work and the electrode largely 
b) voltage 
a contact resistan? 


(b) arc welding 
(d) pressure welding 


due t0 


(a) current 
(c) electrical energy 
(e) time of current fiow. 
53. In thermit welding, the iron 0 
oxide are mixed in the proportion o 
(a)1:1 (b) 5:1 
(c) 1:3 
(d) mixture is of different oxides 
(e) none of the above. 
54. TIG welding is best suited 
(a) mild steel (b) stain less ° 
(c) carbon steel (d) silver 
(e) aluminium. 


55. Inthe manual TIG welding, 
holder with the direction © we 


for welding 


] 
the angle of the® 
Iding 38 
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¢ ,cTURING | 
o (b) 45° 
s a (d) 70° 
(e) 90° - ; . 
Arc stability 15 better with 
66. a) AC welding (b) DC welding 
(c) bot AC and DC welding 
d) specially designed wave forms 
e) rectified supply 
gq. The following welding process uses consumable 
electrode 
(a) TIG (b) MIG 
(c) thermit (d) laser 
(e) gas. 
58. Electrode gets consumed in the following welding 


process 

(a) gas (b) resistance 
(c) thermit (d) arc 

(e) TIG. 


59, Two stainless steel foils of 0.1 mm thickness are to 
be joined. Which of the following processes would be 


best suited 

(a) gas welding 

(c) TIG welding 

(e) plasma arc welding. 
60. Magnetic arc blow is 

(a) a recent welding technique 

(b) used to weld hard materials 

(c) occurs when welding near equator 


(b) electroslag welding 
(d) of importance during striking of arc 
| 


(d) MIG welding 


(e) phenomenon of occurrence of splatter because of 
magnetic fields created in d.c. arc welding. 
61. Arc length in arc welding should be equal to 
(a) half the diameter of electrode rod 
(b) rod diameter 
(c) twice the rod diameter 
(d) 2.5 times the rod diameter 
(e) none of the above. 
62. The amperage to be used in arc 
upon 
(a) work thickness (b) arc gap 
(c) electrode rod thickness 
(d) other considerations (e) none © 
63. In coated electrode in arc welding 
| (a) both rod and coating melt simu 
| (b) coating melts first and then rod melts 
| (e) which melts first depends on polarity used 
| re rod melts first and then coating melts 
: 64 there is no such criterion. 
i be Soa plates, 20 cm thick for 
utt welded. Which of the follow 
would be best suited ? 
z submerged arc welding 
í ) plasma arc welding 
he electric resistance welding 
: ) TIG/MIG welding 
(e) electroslag welding. 


welding 1S dependent 


f the above. 


taneously 


boiler drum are to 


ing processes 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 





Pic | 
k up the Incorrect statement 


A.C. arc 
weldin 
because it g always employs coated electrodes, 


(a) has hi 
igh effici 
(b) uses less i eR ADE i 
fe input current 
c) is safest for operator (d 
@lprotects. the seer ) has low leakage loss 
opie y formed weld against 
In : 
ctrode holder is con i 
ia RE a nected to the negative and 
(b) electrode holder i 
er is connected to th iti 
ne ap vaeerrsen e positive and 
[ noes is positive and holder is earthed 
0 er is positive and work is earthed 
(e) work is negative and holder is earthed. 
Pick up the incorrect statement 
Coatings on electrodes are used to produce gas 
shields to protect the weld from atmosphere. The 
coating consists of 
(a) flux and slagging materials like titanium oxide 
and calcium fluoride 
(b) stabilisers to prevent splattering 
(c) titanium oxide or potassium compounds to 
increase the melting rate, and ferro-manganese 
as a deoxidiser 
(d) molasses as binder 
(e) alloying constituent to improve stren 
The temperature of the plasma torch is of the order 


of 
(a) 1000°C 
(c) 10,000°C 
(e) 75,000°C. 
Following equipmen 
material by carbon electrode 
(a) a.c. welding set 
(b) rectifier 
(d) d.c. welding set wit 
(e) d.c. welding set with reve 
The strength of a properly we 
to base metal would be 
(a) same (b) more 
(c) less (d) unpredictable 
(e) two can't 
The advantages 
(a) ability to we! 
single pass W! 
(b) high welding speed oo 
(c) little distortion and good stress distribution 
across the weld 
(d) protection from co 
(e) all of the above. 
if ar 


gth of weld. 


(b) 5000°C 
(d) 33,000°C 


t is used for arc welding a 


(c) motor generator 
h straight polarity 
rse polarity. 
lded joint as compared 


be compared. 

of electroslag welding are 

jd metals of great thickness in a 
thout calling for joint preparation 


ntamination 


c is too short, it will result in 
ules in an irregular 


In arc welding, 
f arc, leading to 


(a) formation of large globu! 
pattern because of wandering 0 
poor fusion with base metal 
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e base metal and base 


ad resting on top of the 
s and slag 


(b) electrode sticking to th 
metal not melting and be 
work, leading to poor fusion and ga 
holes 

(c) arc extinction 

(e) no welding. | 

73. Too low welding current in arc weldin 
in 

(a) excessive piling up of weld metal, 
penetration, wasted electrodes 

(b) excessive spatter, under cutting along edges, 
irregular deposits, wasted electrodes 

(c) too small bead, weak weld and wasted electrodes 

(d) excessive piling up of weld metal, overlapping 
without penetration of edges, wasted electrodes 

(e) none of the above. 

74. Of the following brazing joints, which is strongest 

(a) butt (b) scarf (inclined) 

(c) lap (d) all are equally strong 

(e) strength depends on other factors. 

75. In braze welding, the filler metal is 

(a) distributed by capillary attraction 


(d) operator hazard 
g would result 


poor 


(b) melted and deposited at the point where the ` 


weld is to be made 
(c) both of the above 
(e) none of the above. 
76. The melting point of the filler metal in brazing should 


(d) not required 


be above 
(a) 420°C (b) 600°C 
(c) 800°C (d) 900°C 
(e) 1000°C. 
77. Too high welding current in arc welding would result 
in 


(a) excessive piling up of weld metal, poor 
penetration, wasted electrodes 

(6) excessive spatter, under cutting along edges, 
irregular deposits, wasted electrodes 

(c) too small bead, weak weld and wasted electrodes 

(d) excessive piling up of weld metal, overlapping 
without penetration of edges, wasted electrodes 

(e) none of the above. 


78. Arc length in arc welding should be nearly equal to 
(a) diameter of electrode rod (d) 
(6) 15d (c) 2d 
(d) 3d 


(c) arc extinction 


(e) no welding, (d) operator hazard 


` The carburisį 
i ng flame as compared to Oxidisi ng flam 
e 





(a) more luminous 
(c) equally luminous 
(e) none of the above. 


81. The temperature of the inner 


l lumi 
neutral flame is the order of Nous Co 





(a) 1000°C (b) 2000°¢ K | 
(c) 2500°C (d) 3500°¢ 
(e) 5900°C. 

82. The most commonly used flame in gas wola: 
(a) neutral (b) oxidisin ding i, 
(c) carburising (d) all of the above 


(e) none of the above. 
83. The maximum flame temperature Occurs at 
(a) the tip of flame (b) the inner cone 
(c) next to the inner cone (d) at the outer 
(e) just inside the inner cone. 
84. Submerged arc welding is 
(a) a process which uses a mixture of iron 
granular aluminium 
(b) accomplished by maintaining a hot 
metal pool between plates 
(c)a process in which arc is maintained under a 
blanket of flux 
(d) all of the above (e) none of the above. 
85. The vacuum of following order is maintained in the 
electron beam welding machine 
(a) 1 torr (b) 10-2 torr 
(c) 10° torr (d) 10 torr 
(e) 10-8 torr. 
86. Too fast welding speed in arc welding would result 
in 
(a) excessive piling up of weld metal, poor 
penetration, wasted electrodes 
(b) excessive spatter, under cutting along edges, 
irregular deposits, wasted electrodes 
(c) too small bead, weak weld and wasted electrodes 
(d) excessive piling up of weld metal, overlapping 
without penetration of edges, wasted electrodes 
(e) none of the above. 
87. The temperature produced in oxyhydrogen flame * 
compared to oxy-acetylene flame is 
(a) same (b) more 
(c) less (d) unpredictable 
(e) none of the above. — 
88. The amount of current necessary in res!§ ee 
welding is of the order of 
(a) 1-2 kVA/em?2 
(c) 4.5 — 6.2 kVA/em? 
(e) none of the above. 
89. The quantum of heat generated in resistance ve 
depends upon 
(a) welding current alone e 
(b) resistance of current conducting path alon 
(c) time for current current flow alone 
(d) area of welding electrode alone 
(e) none of the above. 


cone 


oxide ang 


molten 


2 
(b) 2.5 — 4.0 kVA‘ 
(d) 6.5 — 7.9 kVA/cm 


iding 
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93. 


94, 


95. 


96, 


97, 


4 90- (a) a PE 


cTuRIN 
A electroslag welding is 
ocess which uses a mixture of iron Oxide and 





anular aluminium 


complished by maintaining a hot 
( ja etal pool between plates molten 


a process in which arc is maintained under a 


O? anket of flux 

(d) there is nothing called electroslag 

(e) none of the above. 

in MIG welding, the metal is transferred in the form 
"of 

(a) a fine spray of metal 

(b) molten drops (c) weld pool 

d) molecules (e) very fine metal. 


Too slow welding speed in arc welding would result 


in 

(a) excessive piling up of weld metal, poor 
penetration, wasted electrodes 

(b) excessive spatter, under cutting along edges, 
irregular deposits, wasted electrodes 

(c) too small bead, weak weld and wasted electrodes 

(d) excessive piling up of weld metal, overlapping 
without penetration of edges, wasted electrodes 

(e) none of the above. 

Carbon arc welding is 

(a) a process which uses a mixture of iron oxide and 
granular aluminium 

(b) accomplished by maintaining a hot molten 
metal pool between plates 

(c)a process in which arc is maintained under a 
blanket of flux 

(d) used to weld carbon rods 

(e) none of the above. 

In which welding process the parts are heated to 

welding temperature and then mechanical force is 

applied at the ends to unite the metals 


(a) TIG (b) thermit 
(c) atomic hydrogen (d) plasma 
(e) forge. 


Thermit welding is 

(a) a process which uses a mixture of iron 0 
granular aluminium 

(b) accomplished by maintaining 
metal pool between plates 

(c)a process in which arc is m 
blanket of flux 

(d) in no welding process 

(e) none of the above. 

Iron oxide and aluminium are mixed in 

Proportion in thermit welding 


xide and 
a hot molten 


aintained under a 


following 


(q)1:1 (b)1:3 

(c)3:1 (d)1:2 

(e) 2 s l. 

Arc welding uses following electric supply 

(a) A.C, (b) D.C. 

(c) both AC and DC (d) spiral waveform 


©) none of the above. 
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98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


It is require 






me toed rier rg sence paren 
° O 1 

ni lowing type would be ieee ae ee ene 

a) tack weld cee 


(c) butt weld = me weld 
(e) lap weld, Eee 


The weldin 
g of st l 
of the following ai 1s generally difficult because 


rs rust formation takes place 

) high melting temperature of stainless steel 
(c) formation of oxide film 

(d) formation of chromium carbide 

(e) fear of cracking. 

Filler material in welding should have 


(a) same composition as the parent metal to be 
welded 


(b) same melting temperature as the parent metal 
to be welded 

(c)same composition and same melting 
temperature as the parent metal to be welded 

(d) same composition as of electrode 

(e) melting temperature much lower than the 
melting temperature of the parent metal. 

Distortion in welding occurs due to 

(a) use of excessive current 

(b) improper clamping methods 

(c) use of wrong electrodes 

(d) oxidation of weld pool 

(e) improper composition of parent material. 

In inter gas arc welding following is used for welding 

magnesium 

(a) non-combustible electrode in combination with 
helium and d.c. current 

(b) combustible electrodes and 
combination with a.c. current 

(c) straight polarity d.c. current 

(d) carbon dioxide, because of its excellent 
penetration and high speed 

(e) none of the above. 

Oxygen to acetylene ratio in case of neutral flame is 

(a) 0.8 : 1.0 (b)1:1 

(c) 1.2:1 (d) 2:1 

(e) none of the above. 

In inert gas arc welding, following is used for welding 

aluminium . . 

(a) non-combustible electrode in combination with 
helium and d.c. current . 

(b) combustible electrode and argon in combination 
with a.c. current 

(c) straight polarity d.c. current | 

(d) carbon dioxide, because of its 
penetration and high speed 

(e) none of the above. 


In metallic arc welding, 
the electrode is due to 

(a) molecular attraction 
(b) surface tension and attraction 


argon in 


excellent 


the transfer of metal from 
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107. 


108. 


109. 


110. 


111. 


112, 


113. 


114, 


115, 


(c) gravitational force 
(d) ionisation of the space betwee 
and work piece 
e) (a) and (b) above. | 
ha note of the following welding techniques, the 
weld pool is surrounded by an inert gas 
(a) arc welding (6) carbon arc 
(c) MIG (d) submerged arc 
(e) electroslag welding. . 
The striking voltage as compared to voltage during 
welding in arc welding is 
(a) same 
(c) less 
(e) none of the above. | 
In inert gas arc welding, following is used for welding 
carbon steel . . 
(a) non-combustible electrode in combination with 
helium and d.c. current 
(b) combustible electrodes and 
combination with a.c. current 
(c) straight polarity d.c. current 
(d) carbon dioxide, because of its 
penetration and high speed 
(e) none of the above. 


n the electrode 


(6) more 
(d) unpredictable 


argon in 
excellent 


Filler metal is used in 

(a) electric spot welding (b) seam welding 

(c) projection welding (d) continuous welding 
(e) none of the above. 

The arc length in electric arc welding is the distance 
between the tip of the electrode and the 

(a) work piece (b) centre of crater 

(c) bottom of crater 

(d) workpiece top surface minus electrode diameter 
(e) none of the above. 

Thermit welding is a form of 

(a) resistance welding (b) gas welding 


(c) fusion welding (d) forge welding 
(e) arc welding. 


Which of the followin 
by TIG welding ? 

(a) aluminium 

(c) magnesium 

(e) all of the above, 
In MIG welding, helium or or 
(a) provide cooling effect (b) 
(c) act as shielding medium 
(d) facilitate welding process 
(e) protect electrode. 
Weld spatter refers to 
(a) welding electrode 


§ metals can be Suitably welded 


(b) stainless steel 
(d) pure titanium 


gan is used in order to 
act as flux 


(b) flux 
(c) filler materi l ; 
(e) shield. = (d) welding defect 
Flash butt 


of welding ne belongs to the follow 


| ing category 
(a) gas Welding 


are Welding with Straight Polarity 
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E G 
(c) arc welding with reverse a 


Polar; A 
(d) resistance welding (e) thera ` 
Seam welding is Welding 
(a) arc welding (b) mult; 
(c) continuous spot welding Pot we) 


din 
(d) used for forming sound bars g 
(e) gas welding. 
In resistance welding the electrod | 
of © Materia) is ay | 
(a) carbon steel (b) stainlegg O | 
(c) copper (d) high speeg Steel 


(e) graphite. 
If ‘t’ is the thickness of sheet to be 
electrode tip diameter is equal to 


(a) at (b) t 
(c) 1.5Vt (d) 2V¢ 
(e) 2.5. | 


Submerged arc welding uses following type a 
electrode | 
(a) bare rods 
(c) core wires 
(e) stainless steel rods. 
The flux in submerged arc welding is in the formg 
(a) coating on the electrodes | 
(6) core wires (c) granules 
(d) an inert gas (e) paste. : 
The arc in atomic hydrogen welding takes place | 
between the | 
(a) parent metals | 
(6) consumable tungsten electrode and workpiece | 
(c)non-consumable tungsten electrode ani | 
workpiece | 
(d) consumable tungsten electrode and filler rod | 
(e) two tungsten electrodes. a | 
The arc in argon arc welding takes place be | 
the 
(a) parent metals = 
(6) consumable tungsten electrode and wee 
(c) non-consumable tungsten electrode and nd 


| 
“Bet Welded they | 


(6) coated electrodes 
(d) copper electrodes 


de 
(d) non-consumable tungsten electro 
workpiece od. 
ler T 
(e) consumable tungsten electrode and fi as 


ine! 
The following gas is used in tungste? 


welding process 

(a) acetylene (b) oxygen 

(c) hydrogen (d) argon , 

(e) helium. vel 1! 

The main advantage of MIG welding i 

welding is that p 

(a) former can be used to weld hard a pereh 

(b) former permits use of large CU 
allowing higher deposition 

(c) welding rate is very fast l 

(d) welding is completely automatic 

(e) all of the above. 


On epee ee 
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Which of the following materials is best weldable 


with itself ? 
(a) stainless steel (b) copper 
(c) aluminium (d) mild steel 


(e) cast iron. 
Which of the following materials is best cut by oxy- 


ai cutting process ? 
(a) brass (b) copper 
(c) bronze (d) stainless steel 
(e) mild steel. 


127. 


128. 


129. 


130. 


131. 


132. 


133. 


134, 


135. 


Oxy-acetylene flame cuts metal by its 

(a) evaporation (b) oxidation 

(c) burning (d) rusting 

(e) intensive oxidation. 

In gas welding the combustion takes place by mixing 


oxygen with 
(a) hydrogen (b) fuel gas 
(c) CO (d) CO, 


(e) mixture of several gases. 

In inert gas arc welding, following is used for welding 

stainless steel, copper or cast iron 

(a) non-combustible electrode in combination with 
helium and d.c. current 

(b) combustible electrode and argon in combination 
with a.c. current 

(c) straight polarity d.c. current 

(d)carbon dioxide, because of 
penetration and high speed 

(e) none of the above. 


its excellent 


Oxygen to acetylene ratio in case of carburising flame 
is 

(a) 0.5:1 (b) 0.9: 1 

(c)1:1 (d)1:1.2 

(e)2:1. 


Carburising flame is used to weld metals like 

(a) steel (b) copper and brass 

(c) aluminium, stainless steel, zinc die castings, 
nickel, monel etc. 


(d) carburised steel (e) none of the above. 


Neutral flame has 

(a) 1 zone (b) 2 zones 
(c) 3 zones (d) 4 zones 
(e) no zone. 

Carburising flame has 

(a) 1 zone (b) 2 zones 
(c) 3 zones (d) 4 zones 
(e) no zone. 


In forehand gas welding operation, the angle between 
the rod and work is kept around 

(a) 30° (b) 45° 

(c) 60° (d) 75° 

(e) 90°. 

For welding metals less than 5 mm thick, following 
method of gas welding would give best results 

(a) forehand (b) backhand 

(c) straight hand (d) inclined hand 

(e) any one of the above. 
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a cw following welding technique, the flame of the 
rch is directed against the completed weld 

(a) overhead welding (b) horizontal welding 

(c) forehand welding (d) backhand welding 

(e) is never done. 

The acetylene cylinder is filled with a material 
saturated with 

(a) calcium carbide 
(c) black carbon 
(e) acetylene. 


Oxygen to acetylene ratio in case of oxidising flame 
is 


(b) calcium oxide 
(d) acetone 


(a) 1:1 (6b) 1.2 <1 

(c)1.5:1 (d)2:1 

(e) 3:1. 

Neutral flame is used to weld metals like 

(a) steel (b) copper and brass 


(c) aluminium, stainless steel, zinc die castings, 
nickel, monel etc. 

(d) neutral materials (e) none of the above. 
Acetylene is stored in the gas cylinders 
(a) in gaseous form (b) in liquid form 

(c) in solid form (d) under high pressure 
(e) under low pressure. 
Cylinders in which oxygen gas is stored are 
(a) fabricated by casting (b) fabricated by welding 
(c) fabricated by forging (d) properly heat treated 
(e) seamless steel cylinders. 
Acetylene gas is generated from 

(a) carbon (b) calcium 

(e) calcium carbonate (d) calcium chloride 

(e) calcium carbide. 

The following flux is used for brazing brass, copper, 
bronze, and low carbon-steels 

(a) mixture of boric acid, borax and a wetting agent 
(b) boric acid, borax or fluoride with a wetting agent 
(c) chlorides and fluorides mixed with water 

(d) all of the above (e) none of the above. 
Oxidising flame is used to weld metals like 

(a) steel (b) copper and brass 

(c) aluminium, stainless steel, zinc die castings, 

nickel, monel etc. 

(d) abrasives 

The gas torch is usually lighted by a friction lighter 
because 

(a) it is easier to operate and maintain 

(b) of low initial cost 

(c) spark is created for very short duration 

(d) of safety of operator (e) of least running cost. 
Metals like copper and brass can be welded by 

(a) oxidising flame (b) carburising flame 

(c) neutral flame | 

(d) any of the above flames 

(e) can’t be welded by gas welding. 
pressure type torch works on 


(a) equal pressure principle 


(e) none of the above. 
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(b) positive pressure principle 
(c) differential pressure principle 
(d) equal volume principle 


e) equal flow principle. | 
Mi ane gas welding operation, the angle between 


the torch and work is kept around 


(b) 45° 
(a) 30 
fe) 60° (d) 75 
(e) 90°. 


For welding overhead joints in horizontal plane, 
following technique of gas welding 1s used 
(a) forehand (b) back-hand 
(c) straight hand (d) inclined hand 
(e) any one of the above. 
The surface cracks in the weldment of non-magnetic 
alloys can be inspected by | 
(a) X-ray test (b) ultrasonic testing 
(c) fluorescent test (d) magnaflux method 
(e) any one of the above. 
The surface and sub-surface cracks in non-magnetic 
alloys can be inspected by 
(a) X-ray testing (b) ultrasonic testing 
(c) magnetic particle inspection testing 
(d) dye penetrant testing (e) any one of the above. 
Undercuts in weldments are caused due to 
(a) low welding current 
(b) excessive welding current 
(c) wrong selection of welding rods 
(d) wrong flux 
(e) greasy and dirty surfaces. 
For two metals to be brazed properly, i.e., for wetting 
action to take place, the distance between two 
surfaces should be 
(a) less than 0.025 mm 
(6) between 0.025 mm and 0.075 mm 
(c) more than 0.1 mm 
(d) about 0.5 mm 
(e) none of the above. 
The following flux is used for brazing cast iron 
(a) mixture of boric acid, borax and wetting agent 
(6) boric acid, borax or fluoride with a wetting agent 
(c) chlorides and fluorides mixed with water 
(d) all of the above 
(e) none of the above. 
Which is n 
flux in ea — statement about the function of 
(a) to avoid thermal distortion and cracking 


(b) to dissolve 
surface oxide coatings wh; 

formed prior to brazing wine 
(c) to Prevent oxid 
prazing operation on both the 

"A e razıng material 
to facilitate the wettin 

T pomity of the melt 
le the filler-meta] the 
Surfaces completely 


8 process by reducing the 


fluidity to wet the 
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Solder is essentially a 
(a) tin-silver base 

(c) tin-bismuth base 
(e) bismuth lead base. 
A soldering iron ‘bit’ is made of : 


(b) tin lead bage 
(d) Silver lead bag 
e 


(a) brass (b) tin 

(c) steel (d) copper 

(e) iron. 

Binding wire used to support the joints for 

is made of “olden 
(a) aluminium (b) copper 

(c) soft iron (d) mild steel 


(e) tin. 
The quality expected from flux used 
soldering is that is should be able to 
(a) dissolve oxides formed on the work 
(b) fill up any gap in the joint 
(c) vitrify after the solder has become molten 
(d) form an oxide during the soldering operation 
(e) cover up and protect oxides formed on the work. 
Which of the following has the lowest melting 
point ? 
(a) brazing spelter 
(c) soft solder 
(e) aluminium. 
The purpose of using flux in soldering is to 
(a) increase fluidity of solder metal 
(b) fill up gaps left in a bad joint 
(c) prevent oxides forming 
(d) lower the melting temperature of the solder 
(e) wash away surplus solder. 
The flux is brazing process is used in the form of 
(a) powder (b) liquid 
(c) paste (d) any of the above 
(e) none of the above. 
Soldering iron is made of wedge shape in order to 
(a) apply high pressure at edge 
(6) retain heat (c) retain solder 
(d) facilitate molecular attraction 
(e) none of the above. 
Brazing is the process of 
(a) joining plastic sheets 
(6) hard soldering using brass spelter 
(c) casing in brass 
(d) making steel look like brass 
(e) joining protruded sections by melting. 
Spelter is same as : 
(a) tin 
(c) lead 
(e) brass. 

ed 0 
A brazed joint may be satisfactorily Y5 
components made of 
(a) tinplate 
(c) copper 
(e) all of the above. 


(b) copper 
(d) silver solder 


(b) zinc 
(d) silver 


(b) brass 
(d) aluminium 
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STRIAL AND 
RING, INDU MAINTENACE ENGINEERING 
when brazing is rage out 
int is made between 
j spelter ‘wo parts by molten 
b) the edges of the joint melt and run together 
(c) spelter forms an alloy with the flux 
(d) flux prevents the work from melting 
(e) flux acts as a cementing material. 
gntrapped fluxes, during brazing result in 
(a) presence of gas pockets 
(b) corrosion (c) cracking 
(d) distortion of joints (e) erosion. 
Which is incorrect statement about corrosive flux ; 
soldering process ? =i 
(a) corrosive flux may be made by mixing three 
parts of zinc chloride and one part of sal 
ammoniac with water 
(b) corrosive flux is rusted one and useless for 
soldering 
(c)the term corrosive flux refers to the reaction 
which takes place after the soldering operation 
is consumated 
(d) corrosive flux is used to solder non-ferrous 
materials like copper, brass, aluminium, or 
nickel 
(e) corrosive flux is used to solder carbon-steel also. 
Heat for soldering process is supplied by 
(a) soldering iron 
(b) induction furnace 
(c) electric resistance method 
(d) any one of these (e) none of the above. 
The temperature range for soldering process is 
(a) 40°C to 100°C (b) 180°C to 250°C 
(c) 300°C to 500°C (d) 600°C to 900°C 
(e) around 1000°C. 
Zinc chloride is used in the following process 
(a) tempering (b) annealing 
(c) brazing (d) hardening 
(e) soft soldering. 
An important precaution to produce a good soldered 
Joint is that 
(a) the soldering iron bit must 
(b) the joint area must be clea 
(c) aluminium wire must be placed a 
(d) a thin film of lubricating oil must be app 
the joint edges 
(e) flux should be applied both 
soldering. 
The following flux is used for brazing 
magnesium 
(a) mixture of boric acid, borax and w 
(b) boric acid, borax, or fluoride with a We 
agent 
(c) chlorides and fluorides mixed w ith 
(d) any of the above 
(e) none of the above. 
Post cleaning is necessary at brazed joint 1n Or 


first be made red hot 
n and close-fitting 
long the joint 
lied to 
before and after 


aluminium and 


etting agent 
tting 


water 


der to 


avoid 


Leen ee O E E 
e D 


176. 


177. 


178. 


179. 


180. 


181. 


184. 


185. 


186. 






(a) scaling 

(e) weak joint 

The pur 
pose ofu : , , , 

(a) replace flux Sing borax in brazing is to 

(b) dissolve ox; 


(b) slagging 
(d) corrosion 


(c) accelerate ae eae cre 
irena ation of oxides on the work 
(¢) inere e spelter from melting too quickly 
Teac ase fluidity of braze material. 
a) a used flux for brazing is 
(c) borax (b) NH,Cl 

(d) soft iron 
(e) soft silver. 
ao process is carried in the temperature 
(a) 150°C to 250°C 
(c) 500°C to 700°C 
(e) at around 1000°C. 
Which of the following is not a heat treatment 
process ? 
(a) austempering 
(c) parkerizing 
(e) tempering. 
S-curve is connected with 
(a) combustion 
(c) corrosion 
(e) forging. , 
Sands are graded according to their 
(a) source of origin (b) strength 
(c) permeability 
(d) clay content and grain size 
(e) moisture. 


(b) 250°C to 450°C 
(d) 700°C to 900°C 


(b) martempering 
(d) cyaniding 


(b) cutting tools 
(d) heat treatment 


_ In sand moulding the bottom most part of the flask 


is called 
(a) cope (b) cheek 
(c) drag (d) flask bottom 


(e) none of the above. 


= Cow dung is sometimes used in 


(a) bench moulding (b) dry sand moulding 


(c) green sand moulding 

(d) all of the above (e) none of the above. 
Moulding sands can contain following percentage of 
maximum quantity of moisture 


(a) 2.5% (b) 5% 
(c) 8% (d) 12% 
(e) 20%. 


Gas generated in mould made with synthetic sand 
as compared to silica sand is 


) more (b) less . 
a same (d) unpredictable 
(e) none of the above. 
Riddle is 


(a) a round sieve 

(b) a long, flat metal plate fitt 
handle 

(c) used to make or re 


ed with an offset 


pair corners in a mould 
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(d) used to scoop sand deep in the mould 

(e) none of the above. 

In sand moulding, the middle part of flask is called 

(a) cope (b) cheek 

(c) drag (d) flask-middle 

(e) none of the above. 

Cope in foundry practice refers to 

(a) bottom half of moulding box 

(b) top half of moulding box 

(c) middle portion of the moulding box 

(d) coating on the mould face 

(e) heavy weight kept on moulding box to overcome 
buoyant effect of molten metal. 

In order to ram the sand softer on the pattern face 

and harder at the back of the mould, following type 

of moulding machine is used 


(a) jolt (b) sand slinger 
(c) squeezing (d) stripper plate 
(e) diaphragm moulding. 


Uniform sand hardness is obtained throughout the 
mould by following moulding machine 


(a) jolt (6) sand slinger 

(c) squeezing (d) stripper plate 

(e) diaphragm moulding. 

The purpose of chaplets is 

(a)just like chills to ensure directional 
solidification 


(b) to provide efficient venting 
(c) to support the cores 


(d) to join lower and upper parts of the moulding 
box 


(e) compress moulding sand. 
Which of the following is not a casting defect ? 
(a) hot tear (b) blow hole 

(c) scab (d) decarburisation 
(e) shift. 
Chills are metal inserts of steel that are placed at 
appropriate locations in the mould walls to 
(a) decrease the freezing rate 
(b) increase the freezing rate 

(c) help directional solidification 
(d) prevent directional solidification 

(e) help progressive solidification. 
Fluidity is greatly influenced by 

(a) carbon content of molten metal 

(b) melting temperature of molten metal 

(c) inoculant addition 

(d) pouring temperature of molten metal 

(e) finish of the mould. 

The chief advantage of die casting is 


(a) possibilit 
y of incorporati i : . 
small castings poratıng thick sections in 


ra casting of inserts is possible 

- ee tolerances are possible 

ee = Production rates are possible 
y material can be die cast easily. 
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The purpose of inoculation is 

(a) to clean the casting 

(b) to decrease the melting temperatur 
metal 

(c) to alter the chemical composition of a cast 

(d) to modify the structure and Properties 
metal 

(e) to improve the finish of the castings, 

The main advantage of shell moulding is that 

(a) a metallic pattern is used 

(b) the moulds are stronger 

(c) thin sections can be easily obtained 

(d) highly complex sections can be easily obtained 

(e) high production rate is possible. 

For mounting several patterns at a time, follo 

type of pattern is used 

(a) combined pattern 

(c) sweep pattern 

(e) metallic pattern. 

Draft on pattern for casting is 

(a) shrinkage allowance 

(b) identification number marked on it 

(c) taper to facilitate its removal from mould 

(d) increase in size of cavity due to shaking of 
pattern 

(e) for machining allowance. 

Strength and permeability of served sand are related 

to 

(a) grain size 

(c) hardness 

(e) type of sand. 

Casting process is preferred for parts having 

(a) a few details (b) many details 

(c) no details 

(d) non-symmetrical shape 

(e) none of the above. 

In order to facilitate the withdrawal of pattern 

(a) pattern is made smooth 

(b) water is applied on pattern surface 

(c) allowances are made on pattern 

(d) draft is provided on pattern 

(e) withdrawing facilities are provided. 

Least shrinkage allowance is provided in the cas? of 

following 

(a) brass 

(c) cast iron 

(e) white cast iron. ET 

The draft allowance on the patterns 1s provided 

order to , 

(a) provide good draft of air in the sand moulding 

(b) provide for distortion that might take place 

(c) remove the pattern easily from the moulding 

(d) increase the strength of the mould walls 

(e) push the pattern easily into the moulding: i 

The taper provided on pattern for its easy aP : 

withdrawal from the mould is called 


e of a Cast 


of a Cast 


wing 
(b) loose, piece pattern 
(d) match plate pattern 


(b) clay-content 
(d) moisture content 


(b) aluminium 
(d) steel 


Scanned by CamScanner 





7 yA ) taper allowance 
a 








cTURING A AS S SASEA nine A WEE RINGS 
N (b) draft allowance 
o) distortion allowance , 
A sattern allowance (e) casting allowance. 
a draft allowance on metallic pattern 
206 parison to wooden ones 1s 


(a) same 
( 


in com- 


j (b) more 
(c) less 
d) more/less depending on size 
(e) none of the above. 
yr. A big advantage of using synthetic sand in foundry 
shop is that 
(a) it is less costly 
(b) its properties can be controlled easily 
(c) it possesses high moisture 
(d) it possesses high % of clay 
(e) it is highly refractory. 
908. Which of the following materials has more shrinkage 
allowance ? 


(a) cast iron (b) brass 


(c) lead (d) aluminium alloy 
(e) steel. 

209. Which of the following provides an added projection 
on a pattern and forms a seat to support and locate 
the core in the mould ? 

(a) mould print (b) core print 
(c) drag (d) cope 
(e) chaplet. 

210. The mould is housed in a 
(a) flask (b) cope 
(c) drag (d) cheek 
(e) moulding box. 

11. Loose piece patterns are 
(2) a sort of split patterns 
(b) used when the pattern cannot be drawn from the 

mould 
(c) similar to core prints 
(d) never used in foundry work 
le) none of the above. 

212, C 


ores are used to 


(a) 


‘Make desired recess in castings 
°) Strengthen moulding sand 
(c) support loose pieces 
(d) remove pattern easily 
213 ©) none of the above. 
rowel is 
a) a Tound sieve 


a long, flat metal plate fitted with an © 
andle 


ffset 


Used to make or repair corners in 4 mould 
used to scoop sand deep in the mould 
214 none of the above. 
(a) oa cigo allowance is made by etna 
adding to external and internal dime 


. n 
Subtracting from external 4 
IMensions 


jons 
internal 


215. 
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220. 


221. 


222. 


adding to i 
(d) adding to extern 
from internal di 
(e) none of the abo 
Wood for pattern 





al dimensions and subtrac 
mensions 


ve. 


ting 


acon’ is considered dry when moisture 
(a) zero per cent (b) 5% 

(c) less than 15% (d) less than 25% 

(e) none of the above. 

Which of the followin 


: g 1s not a casting process ? 
(a) carthias process (b) extrusion 


(c) semi-centrifuge method 

(d) slush process (e) shell moulding. 

The purpose of gate is to 

(a) feed the casting at a rate consistent with the 
rate of solidification 

(b) act as reservoir for molten metal 

(c) help feed the casting until all solidification takes 
place 

(d) feed molten metal from pouring basin to gate 

(e) none of the above. 

Pick up the correct statement 

(a) Loose piece patterns are used when the pattern 
can be drawn from the mould 

(b) Sweep patterns eliminate the need for three 
dimensional patterns 

(c) Match plate patterns are made by fastening 
each half of a split pattern on the same side of 
one plate 

(d) Cope and drag patterns are solid one piece 
patterns 

(e) Disposable patterns are made of wood. 

Lifter 1s 

(a) a round sieve . 

(b) a long, flat metal plate fitted with an offset 
handle l 

(c) used to make or repair corners in a mould 

(d) used to scoop sand deep in the mould 

(e) none of the above. 

The impurities in true centrifugal casting 

(a) get collected at outer surface 

(b) mix up thoroughly saa 

(c) get collected at the were a een 

(d) get collected in the middle portio 
inner and outer surface 

ut. 

le) ae te type of sand is used to keep 

watch? d from sticking to the pattern ? 

the green E (b) synthetic sand 

(a) burnt san (d) parting sand 

(c) core sand 


and. , 
o ane i d used in foundry work comprises of 
acin 


; J; d clay 
lumina, silica an . 
2) silica and clay (c) clay and alumina 


(d) silica and alumina (e) clay and silica. 
si 


ee ELL TE EET 
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223. Loam sand comprises of 
(a) 50% sand and 10% moisture 
(b) 40% clay and 10% moisture 
(c) 50% clay and 18% moisture 
(d) 80% clay and 20% moisture 
(e) none of the above. 
224. Dilatometer is used to find out following p 
moulding sand 
(a) permeability 
(c) hot strength 
(e) fineness. 
225. The purpose of sprue is to 
(a) feed the casting at a rate consistent 
rate of solidification 
(b) act as a reservoir for molten metal 
(c) help feed the casting until all solidification takes 


roperty of 


(b) moisture content 
(d) compactness 


with the 


place 
(d) feed molten metal from pouring basin to gate 
(e) none of the above. 
296. Accuracy of shell moulding is of the order of 
(a) 0.001 mm/mm 
b) 0.003 to 0.005 mm/mm 
(c) 0.01 mm/mm (d) 0.1 mm 
(e) none of the above. 
227. The mould for casting ferrous materials in 
continuous casting process is made of 
(a) low carbon steel (b) medium carbon steel 
(c) high carbon steel (d) copper 
(e) none of the above. 
228. Sand slinger gives 
(a) better packing of sand near pattern 
(b) better packing of sand near the flask 
(c) uniform sand density in the mould 
(d) all of the above 
(e) none of the above. 
229. The trowel in a foundry shop is used to 
(a) ram the moulding sand 
(b) swab the edges and the mould cavity 
(c) blow excess sand 
(d) repair corners in a mould 
(e) flatten and smoothen the sand during moulding 
operation. 
230. When using disposable pattern, the metal should be 
poured ? 
(a) very slowly (b) rather rapidly 
(c) at same rate as for other casting processes 
(d) at any rate (e) none of the above. 
231. If V is the volume of metal in a casting and A its 
surface area, then time of solidification will be 
proportional to 


1 1 
(a) V, a (b) V, ra 
I 1 
(e) V?, A (d) V?, -z 
(e) ee) 
y2 
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The purpose of pouring basin is to 

(a) feed the casting at a rate consistent 
rate of solidification 

(b) act as a reservoir for molten meta] 

(c) help feed the casting until all Solidification 


232. 
with ty 


place keg 
(d) feed molten metal from pouring basin ty ai 
e 


(e) none of the above. 
233. Match plate pattern is used in 
(a) green sand moulding 
(b) bench moulding 
(d) machine moulding 
934, For steel castings, the following type of sand is bette 
(a) fine-grain (b) coarser-grain 
(c) medium grain (d) all are equally good 
(e) none of the above. 
225. As the size of castings increases, it is often better to 
use increasingly 
(a) fine grain 
(c) coarse grain 
(e) none of the above. 
236. The purpose of riser is to 
(a) feed the casting at a rate consis 
rate of solidification 
(b) act as a reservoir for molten metal 
(c) help feed the casting until all solidification takes 


place 
(d) feed molten metal from pouring basin to gate 


(e) none of the above. 


237. Slick is 


(c) pit moulding 
(e) none of the above. 


(b) medium grain 
(d) any one of the above 


tent with the 


(a) a round sieve 
(b) a long, flat metal plate fitted with an offset 
handle 
mould 


(c) used to make or repair corners in a 
(d) used to scoop sand deep in mould 
(e) none of the above. 

238. Freezing ratio or relative freezing time accor 
Caine’s equation is 


ding t° 








(a) Acl Vc (b) Ar/Vr 
Ap/Vp Ac!Ve 
esc (d) Vr/Ar 
Vee Vo / Ac 

C 4R d rises and 


(where A, and A, are areas of casting an 
Vo and Vę are their volumes) 

239. Hot tear refers to 
(a) casting defect 
(c) process of heat treatment 
(d) weathering of non-ferrous materi 
(e) strengthening of alloys. 

240. slick in a foundry shop is used to 
(a) make and repair corners in a mould 
(6) thoroughly mix up moulding sand 
(c) make venting holes in the mould 


. „atio! 
(b) process of fabricat 


als 


A 
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241. 


242. 


243. 


244, 


245. 


246. 


247, 


248, 


(d) prepare gates | 

(e) swab the edges of the mould cavity. 

True centrifugal casting 

(a)is used to ensure purity and density 
extremities of a casting 

(b) is used to cast symmetrical objects 

(c) is used to obtain high density and pure castings 


(d) uses a heavy cast iron mould to act as chil] 
(e) none of the above. 


at 


In a permanent mould casting method 

(a) molten metal is fed into the cavity in metallic 
mould by gravity 

(b) metal is poured into die cavity, and after a 
predetermined time the mould is inverted to 
permit a part of metal still in molten state to 
flow out of cavity 

(c) cavity is filled with a precalculated quantity of 
metal and a core or plunger is inserted to force 
the metal into cavity 


(d) metal is forced into mould under high pressure 
(e) none of the above. 


Investment casting is used for 


(a)shapes which are made by difficulty using 
complex patterns in sand casting 

(b) mass production 

(c) shapes which are very complex and intricate and 
can't be cast by any other method 

(d) there is nothing like investment casting 

(e) stainless steel parts. 


The material of pattern in the case of investment 
casting is 


(a) thermosetting resin 
(c) synthetic sand 
(e) mercury. 


(b) special plastic 
(d) wax 


Pipes subjected to very heavy pressures of the order 
of 100 kg/cm? are made by 


(a) electric resistance welding process 
(b) centrifugal casting (c) die casting 
(d) extrusion process, as seamless pipes 
(e) gravity continuous casting. 


Water pipes of large length and diameter are made 
by 


(a) semi-centrifugal casting 

(b) continuous casting 

(c) sand casting 

(d) electric resistance welding 

(e) forging. 

Which of the following processes would produce 
Strongest components ? 
(a) die casting 

(c) extrusion 

(e) forging. 


(b) hot rolling 
(d) cold rolling 


P e runners and ingates, respectively are located as 
ol ows in casting of ferrous metals 

(a) in cope and in drag (b) in drag and in cope 

(c) both in cope (d) both in drag 

fe) in any of the above arrangements. 


B 


249 


250. 


251. 


253. 
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256. 


257. 


258. 


259. 


Which of the following processes refers to the 
preparation of objects from pressed powders ? 


(a) electroforming (b) shell moulding 
(c) semi-centrifugal casting 


(d) permanent mould casting 

(e) none of the above. 

The longitudinal joint of drums of 150 mm thick 
sheets are made by 

(a) electric arc 

(c) electro slag welding 
(d) resistance welding 
Antioch process is a 

(a) continuous casting process 

(b) welding process 

(c) process of making porous moulds 
(d) brazing process 


(e) there is nothing like antioch process. 


(b) plasma arc welding 


(e) laser beams. 


. In centrifugal casting, cores are made of 


(a) steel 

(c) hard sand 

(e) none of the above. 

Semi-centrifugal casting 

(a)is used to ensure purity and density at 
extremities of a casting 

(b) is used to cast symmetrical objects 

(c) is used to obtain high density and pure castings 

(d) uses heavy cast iron mould to act as chill 

(e) is not used for any purpose. 


For gray cast iron, the pattern shrinkage allowance 
is of the order of 

(a) 2 to 5 mm/m 

(c) 7 to 10.5 mm/m 
(e) 13.5 to 18 mm/m. 


(b) cast iron 
(d) plastic 


(b) 5 to 7 mm/m 
(d) 10.5 to 13.5 mm/m 


. Surfaces to be machined are marked on the pattern 


by the following colour 


(a) black (b) yellow 

(c) red (d) blue 

(e) green. 

Colour scheme is employed on patterns in order to 
identify the 


(a) pattern allowances 
(c) location of core print 
(d) material of pattern 


(b) cope and drag 


(e) none of the above. 
Blue colour on the pattern is marked for 

(a) machined surfaces (b) unfinished surfaces 
(c) loose piece pattern (d) surfaces to be chilled 
(e) never used in pattern making operation. 


For gray cast iron, the volumetric shrinkage is of 


the order of 
(a) 6%-5% (b) 5-3.5% 
(c) 3.5%-2.5% (d) 2.5-1.9% 


(e) 1.9% to negative value. 
The pouring temperature for grey cast iron is 


(a) 1000°C (b) 1250°C 
(c) 1400°C (d) 1550°C 
(e) 1650°C. 
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261. 


262. 


263. 


264. 


265. 


266. 


267. 


268. 


Chilled surfaces are marked on the pattern by 
(a) oblique red strips (b) yellow cross strips 
(c) black cross strips on yellow 

(d) oblique red strips on yellow 

(e) none of the above. 


Centrifugal method of casting is used to 

(a) ensure purity and density at extremities of a 
casting 

(b) cast symmetrical objects 

(c) obtain high density and pure castings 

(d) use heavy cast iron mould to act as chill 

(e) none of the above. 


A large intricate heavy casting weighing in tons is 


to be cast. The most appropriate moulding process 
would be 


(a) machine moulding 

(c) cement moulding 

(e) ceramic moulding. 

The patterns in the case of machine moulding are 

mounted on 

(a) match plates 

(c) follow boards 

(e) plastic boards. 

In die casting process 

(a) molten metal is fed into the cavity in metallic 
mould by gravity 

(b) metal is poured into die cavity, and after a 
predetermined time the mould is inverted to 
permit a part of metal still in molten state to 
flow out of cavity 

(c) cavity is filled with a precalculated quantity of 


metal and a core or plunger is inserted to force 
the metal into cavity 


(d) metal is forced into mould under high pressure 
(e) none of the above. 

The hot chamber die casting method is used to cast 
(a) brass (6) magnesium 

(c) aluminium 

(d) alloys of lead, tin and zinc 

(e) all of the above. 

In hot chamber method of die casting 

(a) only low melting point metals can be cast 

(6) high melting point metals can be cast 

(c) die is kept hot by electrical heating 

(d) die is kept cold by circulating water 

(e) none of the above. 

In general, the draft on castin 
(a) 1-5 mm/m 
(c) 10-15 mm/m 
(e) 20-30 mm/m. 
Blind risers 


(a) assist in feeding the metal into casting proper 

(b) help to trap slag or other lighter particles 

(c) supply the hottest metal when 
completed 

(d) do not exist 


(b) pit moulding 
(d) green sand moulding 


(6) moulding boards 
(d) steel table 


gs 1s of the order of 
(6) 5-10 mm/m 
(d) 15-20 mm/m 


pouring is 


(e) none of the above. 
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271. 


272. 


273. 


274. 


275. 


276. 


277. 






Jog.: Ñi 
The allowances to be provided in disposable f 
are Patten, | 


(a) shrinkage and finish 
(b) distortion (c) draft 
(d) shake (e) (a) and (b 
Honey combing/sponginess refers to 
(a) presence of impurities in molten Metal 
(b) molten metal at low temperature 
(c) formation of a number of cavitie 
proximity in casting 
(d) defects due to poor heat treatment 
(e) surface defects produced during hot worki 
In carthias process 
(a) molten metal is fed into the cavity 
mould by gravity 
(b) metal is poured into die cavity, and after ; 
predetermined time the mould is inverted t) 
permit a part of metal still in molten state to 
flow out of cavity 
(c) cavity is filled with a precalculated quantity of 
metal and a core or plunger is inserted to fore 
the metal into cavity 
(d) metal is forced into mould under high pressure 
(e) none of the above. 
The sand is packed on pit moulds with 
(a) manually 
(c) jolt machines 
(e) portable blowers. 
Sprue in casting refers to 
(a) gate 
(c) riser 
(e) vertical passage. 
Pick up the incorrect statement about advantages d 
disposable patterns 
(a) finish is uniform and reasonably smooth _ ; 
(b) no complex wooden pattern with loose pies 
pattern is required 
(c) no cores are required 
(d) patterns can be handled easily and one 
adaptable to mechanical moulding equiP™ od. 
(e) no allowances and hence less metal is reg™ 
In cold chamber method of die casting 
(a) only low melting point metals can be cast 
(b) high melting point metals can be cast 
(c) die is kept hot by electrical heating 
(d) die is kept cold by circulating water 
(e) none of the above. i: 
Which of the following casting methods ai 
pattern ? 
(a) shell moulding (b) plaster m 
(c) slush casting (d) investmen 
(e) semi-centrifugal casting. | 
In slush casting process meta! 
(a) molten metal is fed into the cavity ™ 
mould by gravity 


) above 


S ln ely ‘ 


ng 


in metall 


(b) squeezers 
(d) sand slingers 


(b) runner 
(d) horizontal passage 


glS 


ses wo 


ouldiné 


» 
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(b) metal is poured into die cavit 
predetermined time the mould 
permit a part of metal still in 
flow out of cavity 

(c) cavity is filled with a precalculat 
metal and a core or plunger is in 
the metal into cavity 

(d) metal is forced into mould under hi 

(e) none of the above. 


_ In slush casting 
(a) consumable patterns are used 


(b) plunger is used to force molten met 
cavities 


y, and after a 
1S inverted to 
molten state to 


ed quantity of 
serted to force 


gh pressure 


bo 
~q 
n 


al to fill up 


(c) vacuum is applied to facilitate com 
casting 

(d) when a solid shell of sufficient thickness has 
formed, remaining liquid is poured out 

(e) mercury is used for filling the master mould at 
normal temperature. 


279. Pick up incorrect statement about 
vacuum die casting 
(a) it produces good quality castings 
(b) porosity is reduced 
(c) surface finish is improved 
(d) less metal is used 
(e) injection pressure is reduced. 
280. Ornaments are cast by 


plete filling of 


advantages of 


(a) die casting (6) continuous casting 
(c) pressed casting (d) centrifugal casting 
(e) gravity casting. 
281. Ornamental objects, Statues, toys etc. are cast by 
(a) die casting (b) pressed casting 
(c) centrifugal casting (d) slush casting 
(e) none of the above. 
282. Steel and cast iron pipes are cast by 
(a) die casting (b) continuous casting 
(c) true centrifugal casting 
(d) centrifuging (e) investment casting. 
283. In hot chamber method of die casting 
(a)the melting pot is integral with die casting 
machine l 
(6) the melting pot is separate from die casting 
machine 
(c) melting pot location has nothing to do with such 
a classification 
(d) high temperature and low pressure alloys are 
used 
(e) none of the above. 
284, 


Scabs or buckles are the casting defects 

(a) which occur due to some sand shearing from the 
cope 

(6) which take the form of internal voids or surface 
depression due to excessive gaseous material not 
able to escape 

(c)which occur due to discontinuity in metal 
casting resulting from hindered contraction 


285. 


286. 


287, 


288. 


289. 


290. 


291. 


292. 


293. 





(d) caused by two stream 
to fuse property 

(e) none of the above. 

In centrifugal casting, the impurities are 

(a) uniformly distributed 

(b) collected in the centre of casting 

(c) forced outside the surface 

(d) present in the middle section of casting 

(e) none of the above. 

The core in the centrifugal casting is made of 


(a) carbon steel (6) properly treated sand 


(c) plastic (d) abrasive material 
(e) no core is used. 


s of metals that are too cold 


Large and heavy castings are made by 

(a) green sand moulding 

(b) pit moulding (c) dry sand moulding 
(d) pressure moulding (e) machine moulding. 


Graphite moulds are used for continuous casting 
process in order to provide 


(a) non-wetting agent 

(b) self lubricating qualities 

(c) chilling effect (d) heat resisting medium 
(e) quick solidification of metal. 

Ferrous alloys are usually cast by 

(a) hot chamber machine 

(6) cold chamber machine(c) die casting machine 
(d) direct blow machine (e) none of the above. 
The tolerances produced by the investment casting 
process are of the order of 

(a) a few microns (6) + 0.05 mm 

(c)+ 1mm (d) +5 mm 

(e) none of the above. 

In cold chamber method of die casting 


(a) the melting pot is integral with die casting 
machine 


(6) the melting pot is separate from die casting 
machine 


(c) melting pot location has nothing to do with such 
a classification 


(d) low temperature and low pressure alloys are 
used 


(e) none of the above. 


Sweep pattern is used for moulding parts having 

(a) rectangular shape (b) elliptical shape 

(c) uniform symmetrical shape 

(d) complicated shape having intricate details 

(e) none of the above. 

Centrifugal process is 

(a) limited to symmetrical objects about horizontal 
axis 

(b) limited to symmetrical objects about vertical 
axis 

(c) used for producing castings of irregular shape 

(d) used for producing one casting at a time 

(e) none of the above. 
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299. 


300. 


301. 


302. 


Drossing in foundry practice refers “o 
(a) a method of cleaning the castings 
(b) an inspection method for castings 
(c) a method of deoxidation of molten metal : 
(d) the formation of oxides on the molten meta 
surface 
(e) improving finish of castings. l 
During the freezing of a pure metal, the possible 
casting structure is 
(a) columnar structure (b) dendritic structure 
(c) equi-axed grains structure 
(d) partly columnar and partly equi-axed 
(e) dendritic and columnar. 
When an alloy solidifies over a short range of 
temperature, the resulting casting structure will be 
(a) dendritic 
(b) partially columnar and partially equi-axed 
(c) wholly columnar 
(d) wholly equi-axed 
(e) dendritic and columnar. 
When an alloy solidifies over a wide range of 
temperature, the resulting casting structure is 
(a) wholly equi-axed (b) wholly columnar 
(c) partially columnar and partially equi-axed 
(d) dendritic (e) columnar. 
Flogging in foundry practice refers to 
(a) a type of moulding method 
(b) removal of sprues and risers 
(c) a non-destructive testing method 
(d) removal of slag during pouring 
(e) a casting defect. 
The internal cracks in casting can be easily found 
out by the following method of testing 
(a) magnetic particle inspection 
(b) fluorescent penetrant (c) ultrasonic 
(d) dye-penetrant (e) any one of the above. 
The surface and sub-surface cracks in non-magnetic 
alloys can be easily located and detected by the 
following inspection method 
(a) X-ray testing (b) ultrasonic testing 
(c) magnetic particle inspection testing 
(d) dye-penetrant testing (e) any one of the above. 
The internal hot tear defects in castings can be 
inspected by the following method: 
(a) radiography (b) visual inspection 
(c) damping test 
(d) fluorescent penetrant test 
(e) hardness test. 
Hot tears are casting defects 
(a) which occur due to some sand shearing from the 
cope surface 
(b) which take the from of internal voids or surface 
depression due to excessive gaseous material not 
able to escape 


(c) which occur due to discontinuity in metal 
casting resulting from hindered contraction 


303. 


304. 


305. 


306. 


307. 


308. 


309. 


310. 


311. 


È 
(d) caused by two streams of meta] Ep 


to fuse properly 
(e) none of the above. 
Fetling is an operation performed 
(a) before casting 


(c) after casting 
(e) before heat treatment. 


Vertical centrifugal castings ag com 
horizontal centrifugal castings are spun 7 ated 4 
(a) higher speed (b) slower speed 
(c) same speed (d) unpredictable 
(e) none of the above. 
Shell moulding process requires 
(a) wooden patterns (b) sand patterns 
(c) plastic patterns (d) metal patterns 
(e) no patterns. 
Cold shots are casing defects 
(a) which occur due to some sand shearing from the 
cope surface 
(b) which take the form of internal voids or surface 
depression due to excessive gaseous material not 
able to escape 
(c) which occur due to discontinuity in metal 
casting resulting from hindered contraction 
(d) caused by two streams of metals that are too cold 
to fuse properly 
(e) none of the above. 
Slag inclusion in casting is a 
(a) surface defect (b) internal defect 
(c) crack (d) notch 
(e) no defect. 
A sprue hole is 
(a) a casting defect 
(6) a hole made for riveting 
(c) a blind hole in jigs 
(d) an eccentric hole in dies for clamping 
(e) an opening in mould for pouring molten metal 
Core prints are used to 
(a) strengthen core 
(b) form seat to support and hold the core in place 
(c) fabricate core (d) all of the above 
(e) none of the above. 
Jolt machines produce 
(a) uniform ramming about the pattern 
(6) uniform ramming about the flask 
(c) uniform distribution throughout 
(d) pack sand loosely all around 
(e) none of the above. 
Blow holes are casting defects 
(a) which occur due to some sand shearin 
cope surface l surfat? 
(b) which take the from of internal voids "1 pot 
depression due to excessive gaseous ™ 3 
able to escape 
(c) which occur due to discontinuity tion 
casting resulting from hindered contrat 


S that 


(d) after heat treaty 
ent 


g from the 
etal 
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(d) caused by two streams of metals that 
to fuse properly 
(e) none of the above. 
312. In salvage repair of castings, the mo 


and commonly used method of r 
repairing the defect 


(a) brazing and soldering 
(b) metal spraying 
(d) galvanizing 

313. Cold ducts are 
(a) forging defects due to insufficient filling 
(b) pores in welds 
(c) casting defects due to two stre 

fuse due to being cool 

(d) casting defects due to moisture 
(e) machining defects. 


are too cold 


st Satisfactory 
ectifying and 


(c) painting 
(e) welding. 


ams not able to 


314. Molten iron is desulphurized by adding following to 
the ladle 
(a) carbon (6) ferromanganese 
(c) ferro-silicon (d) soda ash 
(e) graphite. 

315. Which is incorrect statement about results of cold 
working ? 


(a) it increases corrosion resistance 

(b) it increases strength, elasticity and hardness 
with a corresponding decrease in ductility 

(c) handling of parts is easier 

(d) dimension tolerances and finish are high 

(e) recrystalline temperature for steel is increased. 

316, Coining is the operation of 

(a) cold forging 

(c) cold extrusion 

(e) reeling. 


(b) hot forging 
(d) piercing 


817. In the metal forming processes, the stresses 


€ncountered are 

(a) less than the yield strength of the material 

(b) less than the fracture strength of the material 
and greater than yield strength 

(c) greater than the ultimate strength of the 
material 

(d) less than the limit of proportionality 

(e) less than the elastic limit. 

Rotary Swaging is used for 

(a) manufacturing bolts and rivets 
manufacturing seamless tubes 

(c) improving fatigue resistance 

(d) reducing diameter of round bars and tubes by 
rotating die which open and close rapidly on the 
work 

(e) Providing desired contour to sheet metal. 


e important property of a material in all metal 
orming processes is 
(2) elasticity 
(c) ductility 


(e) toughness. 


318, 


319, 


(b) plasticity 
(d) brittleness 


320. 


321. 


322. 


323. 


324, 


325. 


326. 


327. 


328. 


507 





Hot press forging 
(a) causes a steadil 
impact force 
(b) is used to force 

desired shape 


(c)is a forging operation in which two halves of a 
rotating die open and close rapidly while 
Impacting the end of heated tube or shell 


(d) is a forging method for reducing the diameter of 
a bar and in the process making it longer 

(e) none of the above. 

Swaging is an operation of 

(a) hot rolling 

(c) extrusion 

(e) drawing. 

Plug rolling is used to 

(a) produce collapsible tubes 

(b) produce seamless tubes 

(c) reduce diameter tubes 

(d) increase wall thickness of tubes 

(e) reduce wall thickness and increase diameter of 
tubes. 

An important product manufactured by rolling is 

(a) I-section (b) tubes 

(c) metal rolls (d) rollers 

(e) discs. 


y applied pressure instead of 


the end of a heated bar into a 


(b) forging 
(d) piercing 


Which is incorrect statement about results of hot 
working ? 

(a) annealing operation is not necessary 

(b) power requirements are low 

(c) surface finish is good 

(d) grain refinement is possible 

(e) porosity in the metal is largely eliminated. 
Forging of plain carbon steel is carried out at 


(a) 750°C (b) 900°C 
(c) 1100°C (d) 1300°C 
(e) 1450°C. 


Which of the following materials can’t be forged ? 

(a) wrought iron (b) cast iron 

(c) mild steel (d) high carbon steel 

(e) H.S.S. 

Swaging 

(a) causes a steadily applied pressure instead of 
impact force 

(b) is used to force the end of a heated bar into a 
desired shape 

(c) is a forging operation in which two halves of a 
rotating die open and close rapidly while 
impacting the end of the heated tube or shell 

(d) is a forging method for reducing the diameter of 
a bar and in the process making it longer 

(e) none of the above. 

Metals like lead and tin are hot worked at tem- 

peratures around 

(a) 500 - 600°C 

(c) 100°C 

(e) — 100°C 


(b) 200 - 300°C 
(d) room temperature 
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337. 


338, 


Mechanical properties of the metal improve in hot 


working due to 
(a) recovery of grains 
(c) grain growth 
(d) refinement of grain size 
(e) formation of columnar grains. 
The following type of deformation of metals takes 
place in cold working and hot working 
(a) elastic deformation (b) plastic deformation 
(c) viscous deformation (d) isotropic deformation 
(e) visco-elastic deformation. 
Pick up wrong statement about results of hot working 
(a) poor surface finish 
(b) improvement in mechanical properties 
(c) refinement of grain structure 
(d) close tolerances obtained 
(e) elimination of porosity. 
The important mechanical property for a material 
to be successfully rolled or forged is 
(a) brittleness (b) ductility 
(c) elasticity (d) machinability 
(e) malleability. 
Pick up wrong statement about effect of cold working 
(a) increase in strength and hardness 
(b) improved surface finish 
(c) close dimensional tolerances 
(d) grain structure is unaffected 
(e) increase in yield strength. 
The important mechanical property of a material for 
extrusion purposes is 
(a) continuity 
(c) elasticity 
(e) brittleness. 
The increase in hardness due to cold working is called 
(a) cold hardening (6) hot hardening 
(c) work hardening (d) age-hardening 
(e) induction hardening. 
In which type of extrusion process, the movement of 
the extruded product is in the direction opposite to 
that of the deforming force 
(a) direct (b) forward 
(c) backward (d) die extrusion 
(e) wire drawing. 
Hot working operation is carried at 
(a) recrystallisation temperature 
(6) near plastic stage temperature 
(c) below recrystallisation temperature 
(d) above recrystallisation temperature 
(e) above room temperature. 
Roll forging 
(a) causes a steadil 
impact force 
(b) is used to force 
desired shape 
(e) is a forging operati 
rotating die open 
impacting the end of 


(b) recrystamisation 


(b) ductility 
(d) plasticity 


y applied pressure instead of 
the end of a heated bar into a 
on in which two halves of a 


and close rapidl 
y whil 
heated tube or shell i 
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(d) is forging method for reducing the dia ) 
bar and in the process making it lice ty 

(e) none of the above. 

A cylindrical section having no joints jg kn 

(a) seamless (b) idea] 

(c) economical (d) perfect 

(e) jointless. 

Seamless tubes are made by 

(a) piercing (b) extrusion 

(c) cold rolling (d) plug rolling 

(e) rolling mill. 

The operation of removing the burr or flash fr 

forged parts in drop forging is known as 

(a) lancing (b) trimming 

(c) coining (d) shot peening 

(e) burring. 

Metallic cans are usually mass produced by the 

following process 

(a) embossing 

(c) spinning 

(e) extruding. 


Own ag 


OM the 


(6) coining 
(d) drawing 


Spinning operation is carried out on 

(a) hydraulic press (6) mechanical press 

(c) lathe (d) milling machine 

(e) drill press. 

Production of contours in flat blanks is termed as 

(a) blanking (b) piercing 

(c) perforating (d) punching 

(e) none of the above. 

Thread rolling is somewhat like 

(a) cold extrusion (b) cold machining 

(c) cold rolling (d) cold forging 

(e) plug rolling. 

Upset forging -aid 

(a) causes a steadily applied pressure instea 
impact force sigð 

(b) is used to force the end of a heated bar ™ 
desired shape alves of 

(c) is a forging operation in which two h pie 
rotating die open and close rap! y i 
impacting the end of the heated tube a j ete! of 

(d) is a forging method for reducing the Oe 
a bar and in the process making it long? 

(e) none of the above. 

Which of the following process is different 

rest of the processes ? 

(a) shot peening 


fro® w 


(b) cold extrusion 


(c) sand blasting (d) drop for ging 
(e) cold rolling. iip o 
It is required to reduce a slab directly ~ an È? th 


pase. Which of the following rolling mills ¢ 
function ? 


1 mill 
(a) two high mill (b) three high ee 
(c) four high mill (d) planetary es 
(e) continuous rolling mill. | 
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MAN high rolling mill the bigger rollers are called 
349. IP eee rolls (b) back up rolls 
ia pa rolis (d) support rolls 
i none of the above. 
olished and etched surface of the cross-section of 
350. A ae worked product will be having 
z fibre like structure (b) mirror like surface 
(c) grain field like structure | 
(d) carbon precipitated at boundaries 
(e) carbon in the form of flakes. 
351. The machinery/equipment used in the production of 
channels of I-section, rail sections, angles, etc is 


called | 
(a) continuous casting machine 
(b) rolling mills (c) forging plant 


(d) hot spinning machines 
(e) extrusion mills. 
352. In a four high rolling mill, the diameter of backing 
up roll in comparison to diameter of working rolls is 
(a) same (b) larger 
(c) smaller 
(d) smaller/larger depending upon the capacity 
(e) no such correlation. 
353. Large size bolt heads are made by 
(a) swaging (6) roll forging 
(c) tumbling (d) upset forging 
(e) hammer forging. 
354. Symmetrical hollow parts of circular cross-section 
are made by hot 
(a) forging 
(c) piercing 
(e) spinning. 
355. The pilots in the punch holder assembly in press- 
working operations are provided in order to 
(a) ensure proper ejection of the blank 
(b) ensure proper location of the blank 
(c) reduce the punch load 
(d) remove the burrs on the blank 
(e) form a corresponding depression in the blank 
first. 
356. Notching is the operation of 
(a) removal of excess metal from the edge of a strip 
to make it suitable for drawing without 
wrinkling 
(b) cutting of the excess metal at edge which was 
required for gripping purpose during press 
working operation 
(c) cutting in a single line across a part of the metal 
Strip to allow bending or forming in progressive 
die operation while the part remains attached to 
the strip 
(d) Punching in which punch is stopped as soon as 
the metal fracture is complete and metal is not 
removed but held in hole 
(e) none of the above. 


57. The collapsible tooth paste tubes are manufactured by 


(6) extrusion 
(d) drawing 


(a) direct extrusion (6) piercing 


(c) impact extrusion (d) indirect extrusion 

(e) ERW (electric resistance welding) process. 
358. Tumbling is the process of 

(a) improving fatigue limit 

(b) imparting luster to surface 

(c) cleaning the surface of small parts 

(d) improving creep limit 

(e) providing coating on metal surface. 


359. Which of the following is the process for joining two 
metals ? 


(a) sintering 
(c) notching 
(e) coining, 


(6) tumbling 
(d) swaging 


360. The seamless tubes in mass production are manu- 
factured by the following process 
(a) rolling (b) spinning 
(c) drawing (d) welding 
(e) extrusion. 
361. Stretch forming is a process of 
(a) cold rolling (b) forging 
(c) extrusion (d) cold drawing 
(e) spinning. 
362. Lancing is the operation of 
(a) removal of excess metal from the edge of a strip 
to make it suitable for drawing without 
wrinkling 
(b) cutting of the excess meta] at edge which was 


required for gripping purpose during press 
working operation 

(c) cutting ina single line across a part of the metal 
strip to allow bending or forming in progressive 
die operation while the part remains attached to 
the strip 


(d) punching in which punch is stopped as soon as 
the metal fracture is complete and metal is not 
removed but held in hold 

(e) none of the above. 

363. Flange wrinkling is the defect found in 

(a) blanking (b) spinning 

(c) bending (d) cold rolling 

(e) deep drawing. 

364. Laser is produced by 

(a) graphite 

(c) diamond 
(e) aluminium. 
365. Injection moulding is the ideal method of processing 

(a) plastics 

(6) thermo-setting plastics . 
(c) thermoplastics (d) non-ferrous materials 
(e) none of the above. 

366. Compression moulding is the ideal method of 
processing 
(a) plastics 
(c) thermoplastics 
(e) cast iron. 


(b) ruby 
(d) emerald 


(b) thermosetting plastics 
(d) non-ferrous materials 
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of | 
tal from the edge of strip to 
wing without wrinkling 
tal at edge which was 
during press 


367. Slugging is the operatio 
(a) removal of excess me 
make it suitable for dra 
me 

(b) cutting of the excess 
required for grippins purpose 

i eration 

priory ne across a part of the metal 


utting in a single li e : 
o pi to allow bending or forming 1n progr ean 


die operation while the part remains attached to 
he stri 
(d) aching in which punch is stopped as soon 
the metal fracture is complete and metal is no 
removed but held in hole 
(e) none of the above. 
368. A 20 tonne press implies that the 
(a) weight of press is 20 tonnes 
(b) press can handle works weighing upto 20 tonnes 
(c) it can exert pressure upto 20 tonnes 
(d) its foundation should be designed for 20 tonnes 
(e) its turnover in a day is 20 tonnes. 
369. The fatigue strength of metal is improved by setting 


up compressive stresses in the surface by a process 
known as 


(a) lancing 
(c) hemming 


(b) spinning 
(d) shot-peening 


(e) slugging. 

370. In drawing operation the metal flows due to 
(a) ductility (b) work hardening 
(c) plasticity (d) shearing 
(e) yielding. 


371. Trimming it the operation of 


(a) removal of excess metal from the edge of a strip 
to make it suitable for drawing without 
wrinkling 

(b) cutting of the excess metal at edge which was 
required for gripping purpose during press 
working operation 

(c) cutting in a single line across a part of the metal 
strip to allow bending or forming in progressive 
die operation while the part remains attached to 
the strip 

(d) punching in which punch is stopped as soon as 


the metal fracture is com j 
pleted and met 
removed but held in hole — 


(e) none of the above, 
372. Long wires are made b 

(a) extrusion 

(c) piercing 


y following process 
(b) rolling 


(d) drawing 
(e) non-conventional methods. 


373. Hemming is the operation 
(a) in which the ed 
Provide stiffnes 

(b) of Producing ¢ 
bending previo 

(e) in which a seri i 


cross-section or geometric shape 





-u 


(d) employed to expand a tubular or cyling 
(e) none of the above. 
Which of the operation is different from ț 


(a) rivetting (b) embossing“ 
(c) punching (d) coining 
(e) flattening. 

975, External screw threads can be produced fastest 
(q) milling (6) chasing } 
(c) casting (d) rolling 


(e) automats. 

In combination dies 

(a) two or more cutting operations can be perfor 
simultaneously 

(b) cutting and formation operations are combines 
and carried out in single operation 

(c) workpiece moves from one station to other wit, 
separate operation performed at each station 

(d) all of the above (e) none of the above. 

The purpose of jigs and fixtures is to 

(a) increase production rate 

(b) increase machining accuracy 

(c) facilitate interchangeable manufacture 

(d) enable employ less skilled operators 

(e) all of the above. 

Bulging is the operation 

(a) in which the edges of sheet are turned over to 
provide stiffness and a smooth edge 

(b) of producing contours in sheet metal and of 
bending previously roll formed sections 

(c) in which series of impact blows are transferred 
on dies so that solid or tubular work changes 2 
cross-section or geometric shape 

(d) employed to expand a tubular or cylindrical part 

(e) none of the above. 

Gear shaping is related to 

(a) template (b) form tooth process 


(c) hob (d) generating 
(e) all of the above. 


376. 


377. 


378. 


379. 


380. Which one of the following methods produces per 
by generating process ? 
(a) hobbing (b) casting 
(c) punching (d) milling 
(e) broaching. 
381. Gears are best mass produced by 
(a) milling (b) hobbing 
(c) shaping (d) forming 
(e) casting. 9 
382. Which of the following is a gear finishing operatio! | 
(a) hobbing (6) shaping . pind 
(c) milling (d) shaving or burni? 
(e) none of the above. le I5 
383. E press operation, the size of the pierced ii 


ependent on the size of 
(a) punch (b) die 


7 average of punch and die 
(d) punch and clearance (e) die and clearan® 
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yanuFac 
e] billets for extrusion are heated in the range of 
984. Sto 0-1000°C (b) 1000-1100°C 
C 1100-1200°C (d) 1200-1350°C 
e) 1350-1450°C. 
agp. For drawing operation, the best suited press is 
(a) knuckle joint press 
(b) crank shaft and connecting rod press 
(c) toggle press (d) rack and pinion press 
(e) none of the above. 
396. Swaging is the operation 
(a) in which the edges of sheet are turned over to 
provide stiffness and a smooth edge 
(b) of producing contours in sheet metal and of 
bending previously roll formed sections 
(c) in which a series of impact blows are transferred 
on dies so that solid or tubular work changes in 
cross-section or geometric shape 
(d) employed to expand a tubular or cylindrical part 
(e) none of the above. 
387, Trimming is the process associated with 
(a) press work (b) forging 
(c) polishing of metals (d) electroplating 
(e) machining. 
388. The ductility of a material with work hardening 
(a) increases (b) decreases 
(c) remains unaffected 
(d) may increase/decrease depending on its tensile 
strength 
(e) unpredictable. 
389. Blanking and piercing operation can be performed 
simultaneously in 
(a) simple die (b) progressive die 
(c) compound die (d) combination die 
(e) none of the above. 
390. In progressive dies 
(a) two or more cutting operations can be performed 
simultaneously 
(b) cutting and formation operations are combined 
and carried out in single operation 
(c) workpiece moves from one station to other with 
separate operation performed at each station 
(d) all of the above 
(e) none of the above. 
391, Cutting and forming operations can be done in a 
Single operation on 
a) simple die (b) progressive die 
(c) compound die (d) combination die 
399 be none of the above. 
' Stretch forming is the operation 
(a) in whi 


ch the edges of sheet are turned over to 
Provide stiffness and a smooth edge 

0t Producing contours in sheet metal and of 
ending previously roll formed sections 

n which a series of impact blows are transferred 
on dies so that solid or tubular work changes in 
cross-section or geometric shape 


(c) j 


393. 


394. 


395. 


396. 


397. 


398. 


399. 


400. 


401. 


(d) employed to expand a tubular or cylindrical part 

(e) none of the above. 

Cold heading is the process of 

(a) chipless machining 

(b) high energy rate forming 

(c) explosive forming 

(d) magnetic pulse forming 

(e) non conventional method of machining. 

Steel balls are manufactured by 

(a) casting (b) machining 

(c) cold heading (d) sintering 

(e) spinning. 

After cold forming, steel balls are subjected to 

(a) normalising (b) tempering 

(c) electroplating (d) stress relieving 

(e) artificial aging. 

In press operation, the size of the blanked part is 

dependent on the size of 

(a) punch 

(b) die 

(c) average of punch and die 

(d) die and clearance 

(e) punch and clearance. 

For operations like coining and embossing, the best 

suited press is 

(a) knuckle joint press 

(6) crank shaft and connecting rod press 

(c) toggle press 

(d) rack and pinion press 

(e) none of the above. 

In compound dies 

(a) two or more cutting operations can be performed 
simultaneously 

(6) cutting and formation operations are combined 
and carried out in single operation 

(c) workpiece moves from one station to other with 


separate operation performed at each station 
(d) all of the above 


(e) none of the above. 

The broaching operation in which the tool moves past 
the stationary work is known as 

(a) push broaching (b) pull broaching 

(c) continuous broaching (d) surface broaching 

(e) straight broaching. 

The workpiece motion and tool mo 
in a horizontal boring machine are 
(a) stationary and rotational 

(b) rotational and translational 

(c) translational and rotational 

(d) stationary and rotational with translation 
(e) rotational with translation and stationary. 


In which of the following operation on lathe, the 
spindle speed will be minimum 


tion respectively 


(a) knurling (b) fine finishing 
(c) taper turning (d) parting off 
(e) thread cutting. 
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403. 
404. 
405. 


406. 


407. 


408. 


409. 


410. 


411. 


412. 


A side rake is seldom ground in 

(a) broaching tool (b) lathe tool 
(c) shaper tool (d) planer tool 
(e) (c) and (d) above. 

In most high speed milling cutters, 
rake angle is 


positive radial 


(a) 2-—6° (b) 7- 10° 

(c) 10 — 15° (d) 15 — 20° 

(e) 20 — 25°. 

In lathe, the carriage and tail stock are guided on 
(a) same guideways (b) different guideways 


(c) any one of the above 

(d) not guided on guideways 

(e) none of the above. 

The unit of a lathe which houses the lathe spindle 
and control levers for speed selection is called a 


(a) head stock (b) tail stock 

(c) feed box (d) carriage 

(e) apron. 

The back rake and side rake of round nose tool are 
(a) +5 to + 10° (b) —5 to — 10° 

(c) zero (d) + 10 to + 15° 


(e) — 10 to — 15°. 
The wear on the cross slide or compound rest can be 
taken up by tightening the adjustable 


(a) jigs (b) plates 
(c) gibs (d) pins 
(e) screws. 


The workpiece motion and tool motion respectively 

in vertical boring machine are 

(a) stationary and rotational 

(b) rotational and translational 

(c) translational and rotational 

(d) stationary and rotational with translation 

(e) rotational with translation and stationary. 

Tubular gears are the gears used in 

(a) milling machine to change direction of rotation 
by 90° 

(b) dividing head 

(c) lathe for increasing/decreasing cutting speed 

(d) lathe for cutting threads 

(e) lathe for reversing direction of rotation. 

In machine tools, chatter is due to 

(a) free vibrations (b) random vibrations 

(c) forced vibrations (d) self-excited vibrations 

(e) cutting vibrations. | 

The usual ratio of forward and return stroke in 


shaper is 

(a) 2:1 (b)1:2 
(c)2:3 (d)3:2 
(e) 3:1. 


If Z be the length of job, d its diameter, f the feed, 
and n the spindle speed, then time for turning the 
job is equal to 
l 
(a) — ; 
Ta (b) nf 


413. 


414. 


415. 


416. 


417. 


418. 


419. 


420. 


421. 
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(c) Ba (d) nr 
n l 
(e) PL. 
d 
Half nut is connected with 
(a) milling machine (b) locking devine 


(c) jigs and fixtures 

(d) thread cutting on lathe 

(e) quick engaging and disengaging device 
Lathe bed is usually made of 


(a) structural steel (b) stainless steg] 
(c) cast iron (d) mild steel 

(e) non-ferrous materials. 

Lathe spindle has got 

(a) internal threads (b) external threads 
(c) taper threads (d) no threads 


(e) none of the above. 


Which of the following lathe operations requires thy | 
the cutting edge of a tool bit be placed exactly onthe 


work centre-line ? 

(a) boring (b) drilling 

(c) facing (d) turning 

(e) chamfering. 

Lathe centres are provided with the following 
standard taper 

(a) Morse (b) British 

(c) metric (d) sharpe 

(e) any taper. 

Brown and sharp taper is generally used in 

(a) lathes (b) milling machines 
(c) shapers (d) drills 

(e) broaching machines. , 
On screw machines having cross and vertical slides 
cutting off operations are usually performed by th 
(a) horizontal slide (b) vertical slide 

(c) cross-slide 

(d) cross-drilling attachment 

(e) special attachment. et 
In order to turn taper on length l with atot 
diameters d, and d, set over the tailstoc 
required is 


(a) d,-d, (b) da- 
d, — də dı - dy 
(Oee r A 
C ry (d) 7 
(e) 2(d; - də) | y 
l saert athe cas 


Internal or external tapers on a 
turned by 

(a) face turning attachment 

(b) taper turning attachment 
(c) sliding attachment 

(d) morse taper attachment 

(e) offsetting tailstock. 
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423. 


424. 


425. 


426. 


427. 


428. 


429. 


430, 


431, 


uick return mechanism is used in 
(a) milling machine 
(c) grinding machine 
(e) welding machine. 
Which of the following machines doe 
quick return mechanism ? 

(a) slotter 

(c) shaper 

(e) none of the above. 
The size of a power circular saw is indi 
(a) blade diameter (6) motor horse power 
(c) saw weight (d) number of gullets 
(e) maximum depth of cut. 
Circular saw blades are specified b 
number of teeth, and 
(a) gauge 

(c) arbor-hole 

(e) all of the above, 
In blanking operation, the angle of shear is provided 
on 

(a) die 

(c) both on punch and die 
(d) not provided at all 

(e) none of the above. 


(b) broaching Machine 
(d) slotter 


S not require 


(b) planer 
(d) broaching 


cated by the 


y their diameter, 


(b) maximum rpm 
(d) number of gullets 


(b) punch 


The shear angle in the piercing operation is provided 

on 

(a) die (b) punch 

(c) half on die and half on punch 

(d)die or punch depending on material and 
thickness of sheet 

(e) not provided at all. 

The clearance in blanking operation is provided on 

(a) die (b) punch 

(c) half on die and half on punch 


(d)die or punch depending on material and 
thickness of sheet 


(e) not provided at all. 

With increasing angle of shear, the force on punch 
(a) increases linearly 

(b) decreases linearly 

(c) decreases as square of shear angle 

(d) increases as square of angle of shear 

(e) none of the above. 


Size of the smallest hole that can be punched is 
given by 
(a) 4t fs (b) 2t fs 
c fe 
(c) 4t fe (d) 2t fe 
fi 


sS 
(e) none of the above. 
where, £= sheet thickness 
f. = allowable compressive stress on punch 
f, = ultimate shear stress of sheet. 
In Piercing and punching operations, the angle of 
Shear is provided on 


432. 


433. 


434. 


435. 


436. 


437. 


438. 


439. 


440. 


441. 





(a) die 


(c) both on punch and die 
(d) not provided at all 
(e) none of the above. 


In piercing operation, the clearance is provided on 
(a) die (b) punch 

(c) half of die and half on punch 

(d) may be provided on any member 

(e) none of the above. 


In drawing operation, increase of punch radius 

(a)has much influence on punch load and it 
decreases 

(b) does not influence the punch load much 

(c) punch load increases 

(d) punch load depends on other factors 

(e) none of the above. 

Angular clearance provided on dies is of the order of 

(a) 5 to 10° (b) 3 to 5° 

(c) 1/2 to 1° (d) 0.1 to 0.5° 

(e) none of the above. 

The spring back in steel is of the order of 

(a) 0 to 0.5° (b) 0.5 to 5° 

(c) 5 to 10° (d) 10 to 13.5° 

(e) 13.5 to 17.5°. 

Centre of pressure for a piece to be blanked or pierced 

in power press lies at 

(a) c.g. of area of piece 

(b) c.g. of perimeter of piece 

(c) centre of piece 

(d) centre of percussion 

(e) none of the above. 

In drawing operation, increase of die radius 


(a) has much influence on punch load and it 
decreases 


(6) does not influence the punch load much 

(c) punch load increases 

(d) punch load depends on other considerations 

(e) none of the above. 

Bending operation should be performed 

(a) parallel to the grain direction 

(6) at 30° to the grain direction 

(c) at right angle to the grain direction 

(d) there is no such criterion 

(e) none of the above. 

In bending operation, the metal takes shape of 
(a) die (6) punch 

(c) average of two (d) could take any shape 
(e) none of the above. 

In blanking operation, the clearance is provided on 
(a) die (b) punch 

(c) half on die and half on punch 

(d) may be provided on any member 

(e) none of the above. 

Most practical method of taking care of spring back 
during bending is to 


(b) punch 


Mig, 
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443. 


444. 


445. 


446. 


447, 


448, 


449. 


450. 


(a) try a sample, make the necessary adjustments 


d try again 
(b) A adhing the inside — bend 
llow concave punc tas 
= correct the punch so that the material 18 
free to over bend 
(e) none of the above. , 
The velocity of operation in power drop namer 19 
of the order of 
(a) 0.1 to 0.8 m/sec 
(c) 1.5 to 3.0 m/sec 
(e) 9.0 to 16.0 m/sec. 
The choice of the right band saw blade for a particular 
job is determined by the 
(a) blade set (b) straddling speed 
(c) type of material to be cut 
(d) blade temper 
(e) amount of material to be removed. 
Under what conditions do band saws cut best ? 
(a) high speed and light feed 
(b) high speed and heavy feed 
(c) slow speed and light feed 
(d) slow speed and heavy feed 
(e) none of the above. 
Which of the following is/are affected by the number 
of teeth a saw blade has ? 
(a) rate of feed 
(c) size of cut 
(e) none of the above. 
Sheradising is 
(a) a zinc diffusion process 
(b)an oxidising process used for aluminium and 
magnesium articles 
(c)a process used for making thin phosphate 
coatings on steel to act as base or primer for 
enamels and paints 
(d) the process of coating of zinc by hot dipping 
(e) none of the above. 
The purpose of chasing dial on lathes is to achieve 
(a) taper turning 
(b) cutting of tapered threads 
(c) cutting of multiple threads 
(d) plunge cut 
(e) picking up the threa 
beginning of each cut, 
A good lubricant for threa 
(a) graphite 
(c) mineral lard oj] 
(e) emulsified gil. 
The power is transmitte 
carriage through 
(a) gear box 
(c) rack and Pinion 
(e) apron mechanism, 
No lubricant is 


(a) 


(b) 0.8 to 1.5 m/sec 
(d) 3.0 to 9.0 m/sec 


(b) coarseness of cut 
(d) all of the above 


d accurately at the 


d-cutting operation is 
(b) white lead 
(d) water soluble oil 


d by lead Screw to the 


(6) worm and gear 
(d) half nut 


required when cnt: : 
tungsten carbide (b) nana ee In 


451. 


452. 


453. 


454. 


455. 


456. 


457. 


458. 


459, 


460. 
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(c) titanium 

(e) high speed steel. 
The following type of file is preferred for filing} 
or bronze B Dras, 
(a) the smooth-cut file (b) the second-cut l 
(c) the coarse-cut or rough-cut file 

(d) the double-cut file (e) the single-cyt file 
To clean a file, it is ' 
(a) dipped in water 

(b) dipped in dilute alcohol 

(c) rubbed on stone (d) rubbed on wood 

(e) cleaned with a file card. 

A power saw which employs a continuoug looped 
blade driven by two wheels is known as 

(a) a power hacksaw machine 

(b) a circular saw machine 

(c) a filing machine (d) a band saw machine 
(e) none of the above. 

Average cutting speed in machining mild steel by 
single point tool of H.S.S. is 


(d) brass or cast iton 


(a) 10 m/mt (b) 20 m/mt 
(c) 30 m/mt (d) 40 m/mt 
(e) 50 m/mt. 


Tool life is said to be over if 

(a) a poor surface finish is obtained 

(b) sudden increase in power and cutting force with 
chattering take place 

(c) overheating and fuming due to friction start 

(d) all of the above 

(e) it can no longer machine. 

Tool life is most affected by machine 

(a) cutting speed (b) tool geometry 

(c) feed and depth 

(d) microstructure of material being cut 

(e) not using coolant and lubricant. ly 

The spindle speeds of machine tools arè usu? 

designed to follow 

(a) arithmetical progression 

(b) geometrical progression 

(c) harmonical progression 

(d) logarithmic progression 

(e) random number theory. 

The best machine for mass production P 

components machined from bar will be 

(a) turret lathe (b) capstan lathe 

(c) tool room lathe 

(d) numerically controlled lathe 

(e) multi spindle automatic lathe. opti 

The common ratio b for spindle speeds 19 ge? 

progression is taken between | 

(a) 0.2 to 0.6 (b) 0.6 to 1.0 

(c) 1.0 to 2.0 (d) 2.0 to 5.0 

(e) 5.0 to 10.0. 

The spindle speeds in a cutting tool ar’ 

328, 496...The next higher speed will be 

(a) 642 (b) 660 


R gat | 


160, 
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(e ) 709. | 
g1. For machining a casting on a lathe, it Should be 
me held in 

(a) collet chuck (6) magnetic chuck 

(c) three-jaw chuck (d) four-jaw chuck 

(e) face plate. 


462. In automatic machine where large number of 


components are machined from a bar, it is held in 


(a) collect chuck (b) magnetic chuck 
(c) three-jaw chuck (d) four-jaw chuck 
(e) face plate. 


463. Turret lathes in which long turning cuts are made 


by moving the saddle along the bedways of the 
machine are called 


(a) drum type turret lathes 
(b) ram type turret lathes 

(c) saddle type turret lathes 
(d) automatic screw machines 
(e) universal turret lathes. 


464. The purpose of tumbler gears in lathe is to 


(a) cut gears (6) cut threads 
(c) reduce spindle speed 


(d) give desired direction of movement to the lathe 
carriage 
(e) reverse spindle rotation. 


465. Turret lathes equipped with spindles which can be 


fitted with a universal 2-jaw chuck are referred to 
as 

(a) drum type machines (b) saddle type machines 
(c) chucking machines (d) universal lathes 

(e) swiss type lathes. 


466. On bar-type turret lathes, work to be machined is 


gripped in 

(a) three-jaw chucks (6) four-jaw chucks 
(c) pneumatic chucks (d) collet 

(e) magnetic chucks. 


467. Flank Wear occurs mainly on 


469 


470, 


(a) nose part, from relief face and side relief face 
(b) nose part and top face (c) cutting edges 
(d) all of the above (e) front force. 


: Ina capstan lathe, the turret is mounted on 


(a) a short slide of ram sliding on the saddle 
(b) the saddle sliding on the bed 


(c) compound rest (d) back tool post 
(e) head stock. 


* Which of the following properties are essential for a 


tool material used for high speed machining ? 
(a) red hardness and impact resistance 
(6) red hardness and wear resistance 
(c) toughness and impact resistance 
(d) impact resistance and wear resistance 
(e) red hardness, wear resistance and toughness. 
e characteristic that enables one material to cut 
another is its relative 
(a) toughness (6) hardness 


471. 


472. 


473. 


474, 


475. 


476. 


477. 


478. 


479. 


480. 





(c) resilience (d) ductility 

(e) creep and fatigue properties. 

Most machinable metal is one which 

(a) produces discontinuous chips 

(b) permits maximum metal removal per tool grind 
(c) results in maximum length of shear plane 

(d) results in minimum value of shear angle 

(e) all of the above. 

It is possible to correlate tool life with the following 
property of the metal 

(a) grain size (b) toughness 

(c) hardness (d) microconstituent 

(e) alloying elements. 
Sanding is a process of removing metal surfaces or 
wood fibres by 
(a) filing (6) sawing 

(c) cutting (d) planing 

(e) none of the above. 


Sanding belts are made of cloth, coated with various 
grades of 

(a) sand (b) gravel 

(c) copper oxide (d) aluminium oxide 


(e) diamond. 

The metal in machining operation is removed by 
(a) tearing chips 

(b) distortion of metal 

(c) shearing the metal across a zone 

(d) cutting the metal across a zone 

(e) pushing the metal with tool. 


Average cutting speed in machining cast iron by a 
single point cut2ting tool of H.S.S. is 


(a) 6 m/mt (6) 11 m/mt 
(c) 22 m/mt (d) 33 m/mt 
(e) 44 m/mt. 


Galvanising is 

(a) a zinc diffusion process 

(6) an oxidising process used for aluminium and 
magnesium articles 

(c)a process used for making thin phosphate 
coatings on steel to act as a base or primer for 
enamels and paints 

(d) is the process of coating of zinc by hot dipping 

(e) none of the above. 

The C.L.A. value is used for measurement of 

(a) metal hardness (6) surface roughness 

(c) surface dimensions (d) sharpness of tool edge 

(e) machinability. 

The front rake required to machine brass by H.S.S. 

tool is 


(a) 15° (6) 10° 
(c) 5° ay 
(e) — 5°. 


The best all-round coolant for carbide tools is 
(a) soluble oilin plent (b) kerosene | 
(c) turpentine oil (d) compressed air 


(e) soap water. 
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481. Work which cannot be c 


hucked because of its shape 


can be mounted on the following device for facing 


operation | 
(a) collet (b) vise 
(c) V-block (d) faceplate 


(e) universal head. 


482. A left hand tool on lathe cuts most efficiently when 


tool travels 

(a) from left to right end of lathe bed 
(b) from right to left end of lathe bed 
(c) across bed 

(d) at angular position 

(e) for cutting threads. 


483. A right hand tool on lathe cuts most efficiently when 


tool travels 

(a) from left to right end of lathe bed 
(b) from right to left end of lathe bed 
(c) across bed 

(d) at angular position 

(e) for cutting threads. 


484. Which one of the lathe parts mentioned below is not 


provided with a power feed ? 

(a) carriage (b) compound rest 
(c) cross slide (d) feed screw 

(e) lead screw. 


485. Before hardened steel can cut, it must be 


(a) annealed (6) heat treated 
(c) forged (d) hardened 
(e) shaped into a cutting edge. 


486. Anodising is 


(a) a zinc diffusion process 

(6) an oxidising process used for aluminium and 
magnesium articles 

(c)a process used for making thin phosphate 
coatings on steel to act as a base or primer for 
enamels and paints 


(d) is the process of coating of zinc by hot dipping 
(e) none of the above. 


487. Undercutting is the operation of cutting 


488. Which of the followin 


489, 


490 


(a) below the specified size 
(b) a deep groove 

(c) a spiral 

(d) a groove next to shoulder 
(e) with high depth of cut. 


g taper turning methods can 
ng external taper ? 

(b) tailstock. offset 

(d) compound rest 


be used only for turni 
(a) form fool 

(c) taper attachment 
(e) all of the above. 
The following 
(a) ring gauge 
(c) plug gauge 


is micrometer Screw gauge 
* 1a 25° taper is to | 
tail stoc ee 


k th i 
would þe S Rag of 


gauge is used for checking of holes 


(b) snap gauge 
(d) dial gauge 


ith small diameter towards 
taper turning attachment 


zu ; 
iS - 


491. 


492. 


493. 


494. 


495. 


496. 


497. 


498. 


499. 


500. 


501. 


MECHANICAL ENGjye 





(a) + 25° (b) — 25° 

(c) — 12.5° (d) + 12.5° 
(e) + 50°. 

Chisels for metal cutting are hardened 
(a) at tip (b) all over 
(c) at the cutting edge (d) rarely 


(e) at the top. 


The cutting angle of chisel for cutting mild steel i 
(a) 30° (b) 50° 

(c) 70° (d) 90° 

(e) 110°. 


If the diameter of a job being machined on lathe į, 
doubled and speed is halved, the cutting time yj) 
be 

(a) same 

(c) double 

(e) eight times. 
Short or sharp angle tapers are machined using 
(a) a taper attachment 

(b) the compound rest 

(c) the tailstock set over method 

(d) a form tool ground to the taper angle 

(e) morse taper attachment. 


(b) half 
(d) four time 


The taper on lathe spindle is 

(a) 1:10 (6) 1:12 
(c) 1:15 (d) 1: 20 
(e) 1: 24. 


The angle between the lathe centres is 


(a) 15° (b) 30° 
(c) 45° (d) 60° 
(e) 90°. 


The movement of the various slides as well as p 
feeding of the stock is entirely automatic on 5® 
machines and is obtained by the action of 


(a) gear (b) collet 

(c) roller (d) spring 

(e) cam. ag 
The slowest speed in lathe is adopted for follow 
operation 

(a) normal turning (b) thread cutting 


(c) turning big diameter (d) taper turning 
(e) knurling. 

Square or irregular shaped workpiece fo 
usually mounted in 
(a) three jaw chuck 
(c) collet chuck 

(e) mandrel. 


r turnin : 


k 
(b) ind ependent chut 
(d) bar chuck 


The lathe spindle at the nose end has ds 
(a) internal threads (b) external thref 

(c) taper threads (d) no threads 

(e) snap threads. end’ 


i k 
A device which is fastened to the heads’? ied 
the work to be turned between centres !$ 

(a) face plate (b) lathe dog 

(c) vise (d) work stea y 


(e) independent chuck. ee 
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The included angle of lathe centre is 

502. (a) 30° (b) 45° 
(c) 60° (d) 90° 
(e) 120°. 

9, The taper in lathe spindle is 

OY (a) 1: 10 (6) 1:12 
(c) 1:15 (d) 1:20 
(e) 1: 30. 


504. Tail stock centres which do not revolve with the 
workpiece are known as 
(a) non-revolving centres (b) dead centres 
(c) live centre (d) independent centres 
(e) magnetic centres. 
505. Parkerizing process is 
(a) a zinc diffusion process 
(b) an oxidising process used for aluminium and 
magnesium articles 
(c)a process used for making thin phosphate 
coatings on steel to act as a base or primer for 
enamels and paints 
(d) the process of coating of zinc by hot dipping 
(e) none of the above. 
506. In electro-discharge maching, the tool is made of 
(a) tungsten carbide 
(b) properly heat treated alloy steel 
(c) diamond (d) brass or copper 
(e) stainless steel. 
507. Which is false statement about electro-discharge 
machining ? 
(a) it can machine very hard materials 
(b) very good surface finish is obtained 
(c) section to be machined should be thick 
(d) metal removal rate is very slow 
(e) even heat treated metals can be machined. 
508. In electro-chemical milling operation, the gap 
between tool and work is kept of the order of 
(a) no gap, two are in contact with each other 


(b) 0.25 mm (c) 0.75 mm 
(d) 1.25 mm (e) 5 mm. 
509, In Spark erosion machining process, the gap between 
tool and workpiece is filled with 
(a) a photo etchant (b) brine solution 
(c) acid solution (d) a liquid dielectric 
(e) an electrolytic sloution. 
510. In the electro-discharge machining process, the 
workpiece and the electrode are submerged in 
(a)a dielectric fluid 
) an abrasive slurry 
(c) an electrolytic solution 
) Vacuum 
51 (e) chemical reagents. 


© cutting tool used in the spark erosion machining 
Process is called 


a) arc (b) capacitor 
(e) electrode (d) dielectric 
e) Servo, 


512. 


513. 


514. 


515. 


516. 


517. 


518. 


519. 


520. 


517 





The machining process in which the metal of a 
workpiece is dissolved into an electrolyte solution is 
called 

(a) electro-discharge machining 

(b) ultrasonic machining 

(c) electro-chemical machining 

(d) chemical machining 

(e) laser machining. 

The machining method which uses abrasive slurry 
is known as 

(a) electro-discharge machining 

(b) laser machining 

(c) plasma arc machining 

(d) ultrasonic machining 

(e) chemical machining. 

A big advantage of electro-chemical machining over 
electro-discharge machining is that 

(a) it can cut harder materials 

(b) it is more accurate and precise 

(c) it consumes less power 

(d) its cost is low (e) tool wear is negligibie. 
The size of abrasive grains in abrasive jet machining 
varies between 

(a) 1 to 10 microns (b) 10 to 50 microns 

(c) 50 to 100 microns (d) 100 to 500 microns 

(e) 500 to 1000 microns. 

Which is correct statement about electro-chemical 
grinding operation ? 

(a) grinding pressure is high 

(b) very hard materials can be ground precisely 


(c) defects like grinding cracks, tempering of work 
take place 


(d) dimensional control is little problem 
(e) none of the above. 

Machining centre is a 

(a) numerical controlled (NC) machine tool 
(6) transfer machine tool 

(c) group of automatic machine tools 

(d) automatic tool changing unit 

(e) next logical step beyond NC machine. 
Chemical milling operation is performed 
(a) on plain milling machine 

(6) on universal milling machine 

(c) in a tank having agitator facility 

(d) on any one of above machines 

(e) none of the above. 


In the electrolytic grinding process, following type 
of grinding wheel is generally used 

(a) aluminium oxide (b) silicon carbide 

(c) tungsten carbide (d) diamond 

(e) buffing wheel. 

Chemical reagents and etchants are used in the 
following machining method 

(a) electrochemical (6) plasma arc o 

(c) ultrasonic (d) chemical machining 


(e) laser. 
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527. 
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529. 


In spark erosion machining process which is used 
for diesinking, the usual tool material is 
(a) high speed steel (b) brass 
(c) tungsten carbide (d) diamond 
(e) stellite. 
Laser stands for 
(a) light amplification: by stimulated emission of 
radiation 
(b) light amplification by strong emission of 
radiation 
(c) light amplification by stimulated energy of 
radiation 
(d) light amplification by stimulated energy of 
radiation 
(e) none of the above. 
Laser beam machining process is used for machining 
(a) very thick materials (b) thin materials 
(c) heavy sections 
(d) is not used for machining 
(e) there is no such limitation. 
In abrasive jet machining process, the abrasive 
particles should be 
(a) perfectly round 
(b) made of diamond powder 
(c) around 1 mm in size (d) of irregular shape 
(e) none of the above. 
Sintered and tungsten carbides can be machined by 
(a) brazing (b) grinding 
(c) diamond tools (d) hot machining 
(e) electro-machining process. 
The machining rate in ultrasonic machining is high 
in case of following material 
(a) hard (6) brittle 
(c) ductile (d) malleable 
(e) elastic. 
Spark erosion machining method can be used for the 
machining of 
(a) conducting materials only 
(b) non-conducting materials only 
(c) semi-conductors only 
(d) both conducting and non-conducting materials 
(e) any metal. 
For machining to take place by spark erosion 
(a) the tool must be immersed in the dielectric fluid 
(b) the work must be immersed in the dielectric 
fluid 
(c) both tool and work must be immersed in the 
dielectric fluid 
(d) no dielectric fluid is to be used 
(e) none of the above is true. 
In spark erosion machining process, removal of metal 
takes place during 
(a) charging of the capacitor 
(b) discharging of the capacitor 


(c) all times (d) alternate cycles only 
(e) none of the above. 


530. 
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In spark machining, erosion takes place 
(a) on the job (b) on the tool 
(c) on both job and tool (d) on the die] 
(e) neither on tool nor on the job. 


Ultrasonic machining removes materia] by 

(a) direct vibration of tool with workpiece 

(b) using abrasive slurry between tool ang = 

(c) vibrating air in vicinity of tool and y Or 
and making no contact 

(d) all of the above 

(e) none of the above. 

Electron beam machining process is suitable 

following type of material 

(a) low melting point and high thermal conductiy 

(b) low melting point and low thermal conductiviy 

(c) high melting point and high therm jf 
conductivity 

(d) high melting point and high thermal co. 
ductivity 

(e) all of the above. 

Very hard, fragile and heat sensitive materials can 

be machined by 

(a) hot machining 

(b) explosive forming 

(c) electrical discharge machining 

(d) high velocity forming 

(e) magnetic pulse methods. 

Ultrasonic machining finds application for 

(a) production of tapped holes and threads in brittle 
materials 

(b) die casting 

(c) machining sintered carbides, diamonds etc. 

(d) all of the above 

(e) none of the above. 

Tool in the case of ultrasonic machining 1 

(a) HSS (b) diamond 

(c) plain carbon (d) stainless steel 

(e) brass or copper. si 

In ultrasonic drilling process, the tool is usually 8" 

(a) the rotary motion 

(b) the reciprocating motion 

(c) the linear motion catin 

(d) both the rotary motion and the recipro 
motion 

(e) no motion. 

The electrodes used in the electro-ch? 

machining process must be made of 

(a) semi-conductor 

(6) an anodic material 

(c) a dielectric 

(d) an insulating material 


(e) an electrically conducting material. for 
d suited 


ectric itsel 


Tk pien, 


for the 


made of 


mit?! 


Ultrasonic machining method is be aa 
(a) brittle materials (b) stainless § 
(c) plastics (d) lead 


(e) non-ferrous alloys. 


A 
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The following non-conventional method of 
539. essentially requires electrolyte 





519 





machinin 
g 548. Electro-discharge machining uses the following 


(a) EDM (b) ECM dielectric fluid 
(c) LBM (d) UTM (a) water (b) acqueous salt solution 
(e ) IBM. “argon hydroxide (d) kerosene 
1 mm is to be drilled i e) lard oil. 
ai ara k j ° (EH ted in glass. It could best 549. Best coolant and lubricant for brass, copper, bronze 
illi d monel metal i 
r drillin (b) pl ae an metal is 
o? rnin ad ) plasma are drilling (a) water, soluble oils or sulphur-based mineral oils 
(d) electro-chemical discharge method A ) a ond fatty oils 
(e) electron beam drilling. ame i ie shove (d) dry 
he machining action in ult = . hni 
54l. ier er 7 OE by A erasonac machining 550. In ion beam machining process, the metal is removed 


by 


(a) sputtering process (b) pulsed magnetic field 
(c) thermoelectric process 


(a) impact of tool on workpiece 
(b) impact of tool on abrasive particles 
(c) impact of tool on coolant 


i (d) all of the above (e) none of the above. 
(d) abrasive 551. The type ofthe chip produced when cutting cast iron 
(e) all of the above. ig P P 5 
542. For mild steel work-piece and carbide tool, maximum (a) continuous (b) discontinuous 
material is removed at temperature of (c) with built up edge 
(a) room temperature (b) 100°C (d) any one of above depending on other factors 
(c) 280°C (d) 400°C (e) none of the above. 
(e) 500°C. 552. Best coolant and lubricant for steel and wrought iron 
543. Which is false statement about plasma arc is 
machining ? (a) water soluble oils or sulphur-based and mineral 
(a)it is almost equally effective on any metal oils 
irrespective of hardness (b) mineral an fatty oils (c) soluble oils 
(b) simple work supports required (d) dry (e) none of the above. 
(c)metal removal rate can be increased by 553. Crater wear occurs mainly due to following 
increasing the gas flow rate phenomena 
(d) metal properties remain even without shielding (a) abrasion (b) diffusion 
(e) can machine even refractory materials. (c) oxidation (d) adhesion 
544. In electro-chemical machining, best surface finish is (e) all of the above. 
obtained 554. Chips with built up edge can be expected when 
(a) with low current density machining 
(b) with high current density (a) hard material (b) brittle material 
(c) with slow rate of metal removal (c) tough material (d) ductile material 
(d) with high rate of metal removal (e) none of the above. : 
(e) at all metal removal rates. 555. With H.S.S. tools, highest cutting speed is used while 
545. Chemical milling operation is carried out on machining l 
(a) grinder (a) cast iron (6) mild steel 


(c) brass (d) bronze 


(b) milling machine (e) aluminium 


(c) tank containing etching solution 


(d) surface table 556. In machining, chips break due to 
(e) special machine (a) plasticity (b) ductility . 

546, Following electrolyte is used in electro-chemical (c) toughness (d) work hardening 
machining process . (e) tearing of the work material. 
(2) brine solution (b) kerosene 557. When machining a hard and brittle metal like cast 
(c) transformer oil (d) water iron, the type of chips produced is | 
(e) air (a) continuous chip (b) discontinuous chip 


(c) continuous chip with built-up edge 
(d) no chips are produced 
(e) fine chips. 


(b) boron carbide 558. The following type of chip is pro 


chining ductile materials 
a i (b) discontinuous chip 


T. For the machining of tungsten carbide by ultrasonic 
machining which abrasive is used for maxımum 
machining rate ? 
(a) silicon carbide 
(c) aluminium oxide (d) glass 
(e) carbon particles. 


duced when 


(a) continuous chip 
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(c) continuous chip with built-up-edge 

(d) no chips are produced (e) fine chips. | 
559. The advantage of positive rake angles on cutters 1S 

that these 

(a) use less power 

(b) have less cutting pressures 

(c) generate less heat 

(d) work well on soft and ductile materials 

(e) all of the above. 
560. The following cutting fluid is used with carbide tools 


(a) kerosene oil (b) lard oil 
(c) water (d) water with oil 
(e) no cutting fluid. 


561. The sector arm in indexing head is so adjusted that 


the number of holes between the beveled edges is 
equal to 


(a) no. of holes to be indexed 

(b) no. of holes to be indexed + 1 
(c) no. of holes to be indexed —1 

(d) no. of holes to be indexed + 2 
(e) no. of holes to be indexed —2. 


562. How many degrees of the movement is produced by 
one complete turn of the index crank 


(a) 360° (b) 90° 
(c) 45° (d) 9° 
(e) 1°. 
563. Crater wear takes place ina single point cutting tool 
at 
~ (a) flank (b) side rake 
(c) face (d) tip 


(e) none of the above. 
564. Best coolant and lubricant for cast iron is 

(a) water soluble oils or sulphur based and mineral 

oils 

(b) mineral and fatty oils 

(c) soluble oils 

(e) none of the above. 
965. Which of the following tool materials ha 

cutting speed ? 

(a) carbon steel 

(c) HSS 

(e) carbide. 
566. 18-4-1 high speed steel contains fo 

in the ratio of 18-4-1 

(a) tungsten (W), chromium 


(d) dry 


s highest 


(b) tool steel 
(d) cast alloy 


llowing elements 


(Cr) and vanadium (V) 
(b) Cr, V, W (c) W, Mn, Cr 
(d) W, V, Cr (e) W, Cr, Mn. 


567. Approximate content of V 


anadium in H.S.S. i 
tool material is SS cutting 


(a) 16% (b) 4% 
(e) 8%. 


568. Tungsten content 


in th i i 
tool material is e High Speed Steel cutting 


(c) 1% (d) 0.6% 
(e) 16%. 








(a) 1% (b) 4% 
(c) 18% (d) 0.6% 
(e) 16%. 


570. The main function of the cutting fluid iè 
(a) provide lubrication 
(b) cool the tool and workpiece 
(c) wash away the chips 
(d) improve surface finish 
(e) all of the above. 

571. Friction between chip and tool can be reduced 
(a) increasing rake angle 
(b) increasing shear angle 
(c) increasing depth of cut 
(d) increasing sliding velocity 
(e) using coolant. 

572. For the same amount of metal removal, the shea 
stress induced in orthogonal cutting as comparedt 
oblique cutting is 
(a) more 
(c) equal 
(d) may be more or less depending on speed and 

cutting conditions 
(e) there is no such correlation. 

573. The increase in back rake angle would affect the 
surface finish as follows 
(a) improve 
(c) unchanged 

(d) improve/deteriorate depending on material 

(e) there is no such correlation. 
574. Which of the following is used as cutting fluid f 

the turning and milling operation on alloy steels 

(a) CO, (b) kerosene 

(c) soluble oil (d) heavy water 

(e) sulphurised mineral oil. 


ining 
575. Continuous chips will be formed when mach! 
Speed is 


(a) high 
(c) medium 
(d) irrespective of cutting speed 
(e) away from the design value. 

576. Which of the following is the chip remov#! P 
(a) rolling (b) extruding 


(c) die-casting (d) broaching 
(e) forging. 


by 


(b) less 


(b) deteriorate 


(b) low 


9 
pocess 


577. Ceramic tools are made from 
(a) tungsten oxide (b) silicon cat pide e 
(c) cobalt (d) aluminium ° 
(e) diamond sand. 

578. Discontinuous chips will be formed whe? <9 
Speed is 
(a) high 
(c) medium 


(d) irrespective of cutting speed 
(e) away from the design value. 


chi 
(b) low 
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519. 


580. 


581. 


582. 


583. 


584, 


585. 


586. 


587. 


The heat generated in metal cutting can be 
conveniently determined by 

(a) installing thermocouple on tool 

(b) installing thermocouple on job 

(c) using radiation pyrometer 

(d) calorimetric set up 

(e) infra-red techniques. 

poor surface finish results due to 

(a) heavy depth of cut (b) low cutting speed 

(c) high cutting speed (d) coarse feed 

(e) low side rake angle. 

Large jobs on shaper are held with the help of 

(a) vise 

(b) clamps and T-bolts 

(c) magnetic vise 

(d) clamps, bolts and squares 

(e) on floor directly. 

For proper seating of the work in a shaper vise for 
machining, the work should be supported on : 


(a) jaws (6) clamps 
(c) shims (d) parallels 
(e) flats. 


Flat thin work is held on planer by 

(a) C-clamp and angle plate 

(b) toe dogs and stops (c) clamping stops 

(d) poppets and toe dogs (e) magnetic vise. 

Cylindrical parts are held on planer by 

(a) V-blocks and arrestors 

(b) angle plates 

(c) V-block, T-bolts and clamps 

(d) T-bolt and clamps 

(e) magnetic vise. 

The feeding of the job in a shaper is done by 

(a) movements of the clapper box 

(b) table movement (c) V-block 

(d) ram movement (e) tool movement. 

In the case of a shaping machine, feeding of the job 

is done 

(a) at the beginning of the cutting stroke 

(b) at the middle of the cutting stroke 

(c) at the end of the cutting stroke 

(d) at the end of the return stroke 

(e) any where. 

In the case of a shaper equipped with Whi 

mechanism 

(a) the cutting stroke is faster t 
Stroke 

(b) the return stroke is faster than the 
Stroke 

(c) both the cutting stroke and the 
take the same time 

(d) the return stroke is slower tha 
stroke 

(e) none of the above. 


The cutting speed of the tool in a mechanica 
is 


tworth 


han the return 
cutting 
return stroke 


n the cutting 


] shaper 


589, 


590. 


592. 


594. 


595. 


596. 


597. 
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(a) maximum at the beginning of the cutting stroke 
(6) maximum at the end of the cutting stroke 

(c) maximum at the middle of the cutting stroke 
(d) minimum at the middle of the cutting stroke 

(e) uniform throughout the cutting stroke. 

Size of shaper is specified by 

(a) length of stroke (b) size of table 

(c) maximum size of tool 

(d) ratio of forward to return stroke 

(e) h.p. of motor. 

A shaper employs following for quick return motion 
(a) whitworth mechanism 

(6) crack and slotted link mechanism 

(c) hydraulic mechanism 

(d) any one of the above 

(e) Leonard mechanism. 


. To prolong the life of shaper tools after they are 


ground, they should be 
(a) lapped 

(c) stoned 

(e) heat treated. 
Which of the following work holding device is pre- 
ferred for shaping a key-way in a cylindrical shaft ? 
(a) a V-block (b) an angle plate 

(c) a dividing head (d) a shaper vise 

(e) any one of the above. 


(6) sanded 
(d) hardened 


. Which of the following is not the part of a shaper ? 


(6) ram 
(d) tool head 


(a) lapper box 

(c) table 

(e) cross slide. 

To shape splines in a shaft which must be accurately 

spaced, the work is mounted in 

(a) a shaper vise 

(b) between indexing centres 

(c) V-blocks 

(d) a special fixture 

(e) an independent chuck. 

Which of the following is non-chip removal process ? 

(a) spinning on lathe (b) milling 

(c) thread cutting (d) gear hobbing 

(e) grinding. 

Size of planer is specified by 

(a) size of table 

(b) stroke length 

(c) size of table and height of cross rail 

(d) no. of tools which operate at a time 

(e) h.p. of motor. 

Pick up the incorrect statement about plano-miller 

(a) feed is given by moving the table 

(b) in comparison to planning machine the table 
movement is slower 

(c) used for production of large surface 

(d) cutting can be done on three sides of the work at 
the same time 


(e) cutting can be done on one side only at a time. 
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598. Too low a feed rate in a milling operation would 


(a) consume less power 
(b) improve surface finish 


(c) cause the cutter to rub and scrap the surface of 


the work instead of cutting and dull the tool 
quickly 
(d) be best suited while milling harder materials 
(e) be best suited while milling softer materials. 
599. Feed rate in milling operation is equal to 
(a) RPM 
(b) RPM x No. of teeth 
(c) RPM x Feed per tooth x No. of teeth 
d) RPM x Feed per tooth x No. of teeth 
2 
(e) none of the above. 
600. Depth of finishing cut on milling machine is of the 
order of 
(a) 0.01 to 0.1 mm 
(c) 0.4 to 0.8 mm 
(e) 1.2 to 2 mm. 
601. Light duty face mills are used in finishing operations, 
and compared to heavy duty face mills, these have 
(a) more no. of teeth (b) less no. of teeth 
(c) same no. of teeth (d) there is no 
criterion 
(e) none of the above. 
602. Addition of lead, sulphur and phosphorous to low 
carbon steels helps in achieving 
(a) better surface quality 
(b) reduction of built up edge 
(c) breaking up of chips (d) all of the above 
(e) none of the above. 


603. The difference between planer and shaper is that in 
former case 


(b) 0.01 to 0.3 mm 
(d) 0.8 to 1.2 mm 


such 


(a) tool moves over stationary work 
(b) tool moves over reciprocating work 
(c) tool can machine internal as well as external 
details 

(d) both tool and job reciprocate 
(e) tool is stationary and job reciprocates. 

604. The cut per tooth while broaching steel in a key way 
broach is of the order of 
(a) 0.01 to 0.05 mm 
(c) 0.001 to 0.01 mm 
(e) 0.1 to 0.3 mm. 


605. Internal and external threads can be produced on 
tapered surfaces conveniently by 
(a) universal milling machine 
(6) plano miller 


(c) planetary milling machine 


(d) rotary table milling machine 
(e) lathe. 


606. Best coolant and lubricant for aluminium is 


(a) wat i 
soluble oils or sulphur based and mineral 


(b) 0.05 to 0.20 mm 
(d) 0.02 to 0.08 mm 


(6) mineral and fatty oils or soluble oils 


MECHANICAL tic 4 


(c) soluble oils 
(e) none of the above. 


607. Non-ferrous cast tool steel operates best at 
(a) cold temperatures 
(b) high temperatures of 500°C 
(c) temperature has no effect 
(d) elevated temperatures of 825°C s 
efficiency if operated at cold temperature * 
(e) none of the above. 
608. Carbide tool bits are ground by following type 
grinding wheel o 
(a) aluminium oxide (b) silicon carbide 
(c) diamond (d) cobalt 
(e) high speed steel. 
609. Powder metallurgy techniques are used in th 
production of 
(a) high carbon tool steels 
(b) HSS tools (c) tungsten carbide tools 
(d) twist drills (e) ceramics. 
610. Which of the following abrasives is the hardest? 
(a) Al,O, (Aluminium oxide) 
(b) Si C (Silicon carbide) 
(c) B,C (Boron carbide) 
(d) CBN (Cubic boron nitride) 
(e) diamond. 
611. The hardness of carbon tool steels is increased when 
alloyed with 
(a) tungsten 
(6) chromium and vanadium 
(c) silicon (d) manganese 
(e) sulphur. 
612. High speed steel tool material contains carbon 


(d) dry 


(a) 0.6-1.0% (b) 2—4% 
(c) 4-6% (d) 6-10% 
(e) 10-12%. 


- Ja tools 
613. The binding material used in cemented carbide™ 
is 


(a) graphite 


(b) lead 
(c) cobalt (d) carbon 
(e) nickel. | pinio 
614. The cutting speed will be minimum while mat 
the following material with H.S.S. tool 
(a) aluminium (b) brass 
(c) copper (d) white metal 


(e) cast iron. 


615. When the point of a twist drill is sharpened, 
must be ground so that they have 
(a) equal dead centre (b) deep flutes 
(c) wide web (d) proper P oint 
(e) equal length and angle. 

616. The hardest manufactured cutting t00 
(a) diamond (b) high speed $ 
(c) ceramic (d) carbon stee 
(e) cemented carbide. di 


617. The type of chip produced when cutting 
material is R, 


the jp 


«al 18 
] materi” 
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(a) continuous 

(b) discontinuous 

(c) with built up edge | 

(d) any one of the above depending on other factors 

(e) none of the above. E 

Depth of cut of finish grinding of steel in surface 
inder is of the order of 

(a) 0.001 to 0.005 mm 

(c) 0.01 to 0.5 mm 

(e) 0.1 to 0.5 mm. 

g19. The point of a twist drill is thinned in order to 

(a) decrease the rake angle 

(b) increase the rake angle 

(c) reduce the hole diameter 

(d) reduce the axial feed pressure 

(e) locate in the centre punch mark. 


620. For drilling operation, the cylindrical job should 
always be clamped on a 


618. 


(b) 0.005 to 0.01 mm 
(d) 0.05 to 0.1 mm 


(a) collet (b) socket 
(c) jaw (d) vise 
(e) V-block. 


621. Drilling is an example of 
(a) simple cutting 
(c) orthogonal cutting 
(e) intermittent cutting. 


(b) uniform cutting 
(d) oblique cutting 


622. The cutting edges of a standard twist drill are called 
(a) flutes (b) lips 
(c) wedges (d) flanks 


(e) conical points. 
Trepanning is an operation of 
(a) cutting internal threads 


(b) producing a hole by removing metal along the 
circumference of a hollow cutting tool 


(c) making a cone-shaped enlargement of the end of 
a hole 


(d) superfinishing 
(e) coating metal for wear resistance. 
624, The helical grooves which extend to the full length 


623. 


of the drill body are called 

(a) lips (b) cutting edges 
(c) margins (d) flutes 

(e) shanks. 


£25. The angle formed by the leading edge of the land 
With a plane having the axis of the drill is known as 


(a) helix angle or rake angle 
(b) point angle (c) lip clearance angle 
a (d) chisel edge angle (e) primary angle. 
` The number of helical groves which are present in a 
standard twist drill is usually 
a) one (b) two 
(c) three (d) four 
627 (e) five. 
i i, tandard ground drill has a point angle of 
2) 90 (b) 100° 
(c) 118° (d) 120° 
(e) 130°. 


628. 


629. 


630. 


631. 


632. 


633. 


634. 


635. 


636. 


637. 





Goose neck tools are preferred on planers and slotters 
because 


(a) digging in and scoring of the work is minimum 
(b) large clearance angles are possible 


(c) friction between flank and machined surface is 
less 


(d) tool is very rigid 

(e) back rake is appropriate. 

For harder materials, the point angle of drill is 
(a) increased (b) decreased 

(c) kept at 118° 


(d) point angle has nothing to do with type of 
material 


(e) none of the above. 


For ferrous materials, the helix angle of drill is taken 
as 

(a) 30° (b) 45° 

(c) 60° (d) 90° 


(e) none of the above. 


The commonly used value of feed while machining 
mild steel on shaper with HSS tool is of the order of 
(a) 0.1 mm (6) 0.5 mm 

(c) 1.0 mm (d) 1.5 mm 

(e) 3.0 mm. 

The cutting speed of high speed steel twist drill to 
machine grey cast iron is 
(a) 10-20 m/mt 

(c) 50-80 m/mt 

(e) 180-240 m/mt. 
Optimum rake angle of a tool is a function of 
(a) cutting speed 

(6) cutting tool material 

(c) properties of work material 

(d) cutting conditions, i.e. dry or lubricant 

(e) feed and depth of cut. 


(b) 25-40 m/mt 
(d) 100-160 m/mt 


The back rake angle of HSS single point cutting tool 
for machining brass is 

(a) 10° (6) — 5° 

(c) 0° (d) 5° 

(e) 7°. 

The recommended value of rake angle for machining 
aluminium with diamond tool is 

(a) 0° (b) 5° 

(c) 15° (d) 25° 

(e ) 35°. 


The angle between the face of tool, and the line 


tangent to the machined surface at the cutting point 
is known as 


(a) rake angle 
(c) clearance angle 
(e) nose angle. 


The angle between the tool face and the ground end 
surface of flank is known a 


(a) lip angle (6) rake angle 
(c) clearance angle (d) cutting angle 
(e) nose angle. 


(b) lip angle 
(d) cutting angle 
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641. 


642. 


643. 


- 644. 


645. 


646. 


647. 


The recommended value of rake angle for machining 
aluminium with high speed steel tool is 


(a) 0° (b) 5° 
(c) 15° (d) 25° 
(e) 35°. 


The angle between the face of the tool and the plane 
parallel to the base of the cutting tool is called 

(a) rake angle (b) cutting angle 

(c) clearance angle (d) lip angle 
(e) nose angle. 

The recommended value of rake angle fo 
aluminium with cemented carbide tool is 


r machining 


(a) 0° (b) 5° 
(c) 15° (d) 25° 
(e) 35°. 


The normal back rake angle of carbide single point 
cutting tool for machining aluminium is of the order 
of 

(a) — 5° to 0° 
(c) 0 to 10° 
(e) 10 to 20°. 
For softer material, the point angle of drill is 

(a) increased (b) decreased 

(c) kept at 118° 

(d) point angle has nothing to do with type of 

material 

(e) none of the above. 

The metal cutting wedge is fundamental to the 
geometry of 

(a) hand tools 

(b) power driven tools (c) lathe tools 
(d) sheet metal cutting tools 

(e) all of the above. 
The tool life of a single point cutting tool with 
increase in back rake angle, with other parameters 
constant, will 
(a) increase slightly 
(c) remain unchanged 
(d) increase tremendously 

(e) decrease tremendously. 
Tool signature is 

(a) there is nothing like tool signature 

(b) a numerical method of identification of tool 
(c) the plan of tool 

(d) the complete specification of tool 

(e) none of the above. 
Tool signatures comprise 
(a) 4 elements 

(c) 6 elements 

(e) 8 elements. 


In metal cuttin 
g at speed abo ; 
heat is carried by x H a arta 


(a) work 
(c) chip 

(d) equally by all of the above 
(e) none of the above. 


(b) 0 to 5° 
(d) 10 to 15° 


(b) decrease slightly 


(b) 5 elements 
(d) 7 elements 


(b) tool 
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(b) decrease sli 


648. The cutting force with increase in n 
single point cutting tool will 08 


(a) increase slightly 

(c) remain unchanged 

(e) decrease considerably. 
649. The rake angle of a cutting tool 

(a) determines the profile of tool 

(b) prevents rubbing 

(c) decides the type of cutting action 

(d) controls the chip formation 

(e) weakens the tool. 


650. Which of the following is the example of 


(d) increase cy e 
e 
tab, 





cutting ? Obligu. 
(a) slotting (b) broaching 
(c) knife turning (d) all of the above 


(e) none of the above. 


651. Side rake angle of a single point tool is the ang} 
(a) by which the face of the tool is inclined ide e 
(b) by which the face of the tool is inclined to 2 
back Wards 
(c) between the surface of the flank immediate] 
below the point and a line drawn from the ae 
perpendicular to the base : 
(d) between the surface of the flank immediately 
below the point and a plane at right angles to the 
centre line of the point of the tool 
(e) none of the above. 
652. The recommended value of rake angle for machining 
brittle materials like brass is 


(a) — 15° (b) —5° 
(c) 0° (d) + 10° 
(e) + 20°. 


653. In orthogonal cutting system, the cutting edge is 
(a) in line with direction of tool travel 
(b) perpendicular to direction of tool travel 
(c) perpendicular to shear plane 
(d) perpendicular to direction of depth of cut 
(e) none of the above. 
654. Stellite is the trade name for 
(a) ceramics 
(b) ferrous cast alloys 
(c) cemented carbide 
(d) products manufactured by powde 
techniques 
(e) non-ferrous cast alloy. 
655. No cutting fluid is normally used while ma 
(a) mild steel (b) carbon steel 
(c) stainless steel (d) aluminium 
(e) cast iron. 
656. Pick up the incorrect statement a 
cutting tools 
(a) it is available in the form of tips 
(b) it is made by cold pressing techniques 
(c) it consists of silicon 
(d) it consists of Al,O; 
(e) it cannot be reground. 


r metallurg | 


chining 


bout cera 
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661. 


662. 


663. 
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665. 
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> away tips are used because 


a) inital cost i low 

(b) tool changing 1s easier 

(e) regrinding is not required 
(d) all of the above 

(e) none of the above. 


Back rake angle for HSS single point cutting tool to 


machine free cutting brass is 


(a) 0° (b) a” 
(c) 10° (d) 15° 
(e) - 15°. 
. The portion of the tool on which cutting edge is 
formed is called 
(a) flank (b) side 
(c) face (d) nose 
(e) shank. 


The angle between the side cutting edge and the end 
cutting edge is known as 


(a) nose angle (b) clearance angle 


(c) side relief angle (d) end cutting edge angle 
(e) end relief angle. 

Lip angle of a single point tool is of the order of 

(a) 10-20° (b) 30—45° 

(c) 50—60° (d) 60°—80° 


(e) 80° —100°. 

A reamer is used to correct the 

(a) size and position of drilled hole 

(b) size and roundness of hole 

(c) finish and position of drilled hole 

(d) finish and size of a drilled hole 

(e) finish and depth of a drilled hole. 

If? is the thickness of underformed chip in mm, “0” 


is the side cutting edge angle of the single point tool 
and ‘s’ the feed in mm/rev, then 


(a)t=ssing (b) s =t sin > 
(c)s =t cos ġ (d)t =s tang 
(e) t = s cos ġ 


The binding material used in cemented carbide tools 
is 


(a) nickel 


(c) aluminium 
(e) iron. 


(b) cobalt 
(d) chromium 


Cemented carbide tools are poor in 

(a) compression (b) tension 

(e) shear 

(d) compression and tension 

(e) tension and shear. 

Cutting speed in machining with H.S.S. tool will be 

maximum when machining 

(a) cast iron (b) mild steel 

(c) aluminium (d) wrought iron 

(e) tough steel. 
ack rake angle of a single point tool is the angle 

(a) by which the face of the tool is inclined sideways 


) by which the face of the tool is inclined towards 
ack 


668. 


669. 


670. 


671. 


672. 


673. 


674. 





(c) between the Surface of the flank immediately 
below the point and a line drawn from the point 
Perpendicular to the base 

(d) between the surface of the flank immediately 
below the point and a plane at right angles to the 
centre line of the point of the tool 

(e) none of the above. 

The cutting speed for machining cast iron with a HSS 

tool is of the order of 

(a) 30-50 m/mt 

(c) 100-150 m/mt 

(e) 250-400 m/mt. 


Which is correct order for machinability of metals ? 


(a) magnesium alloys, grey C.I., low carbon steel, 
monel metal 


(b) 60-90 m/mt 
(d) 160-250 m/mt 


(6) grey cast iron, low carbon steel, magnesium 
alloys, monel metal 


(c) magnesium alloys, low carbon steel, grey C.L., 
monel metal 


(d) magnesium alloys, grey C.I., monel metal, low 
carbon steel 


(e) magnesium alloys, low carbon steel, monel 
metal, grey C.I. 

The angle measured in the diametral plane between 

the face of the tooth and a radial line passing through 

the tooth cutting edge of a milling cutter is known as 

(a) rake angle 

(b) primary clearance angle 

(c) relief angle 

(e) axial rake. 

For particular cutting speed, the tool materials in 

order of tool life are 

(a) H.S.S., cemented carbides, ceramics and oxides 

(b) ceramics and oxides, cemented carbides, H.S.S. 

(c) H.S.S., ceramics and oxides, cemented carbides 

(d) cemented carbides, ceramics and oxides, H.S.S. 

(e) ceramics and oxides H.S.S., cemented carbides. 

Tool cutting forces, with increase in cutting speed 

(a) more or less remain constant 

(b) increase linearly 

(d) unpredictable 


(d) lip angle 


(c) decrease linearly 

(e) none of the above. 

The cutting speed for milling cast iron with HSS 

milling cutter is of the order of 

(a) 5-10 m/mt (6) 10-16 m/mt 

(b) 20-30 m/mt (d) 50-100 m/mt 

(e) 100-250 m/mt. 

End relief angle of a single point tool is the angle 

(a) by which the face of the tool is inclined sideways 

(b) by which the face of the face is inclined towards 
back 

(c) between the surface of the flank immediately 


below the point and a line drawn from the point 
perpendicular to the base 

(d) between the surface of the flank immediately 
below the point and a plane at right angles to the 
centre line of the point of the tool 

(e) none of the above. 
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The strength of a cutting tool depends on following 


angle 

(a) lip angle 

(c) rake angle 

(e) all of the above. 
Chips are broken effectively due to following property 
(b) elasticity 


(b) clearance angle 
(d) cutting angle 


(a) stress 
(c) toughness 
(d) work hardening of work material 
(e) ductility. 
A burr is 
(a) short piece of hardened chip 
(6) burnt sand 
(c) rough surface on welded joint adhering to 
casting 
(d) sharp edge remaining on metal after cutting, 
stamping or machining 
(e) built up edge on a cutting tool. 
Cutting force and power involved in a machine tool 
can be measured by using 
(a) pyrometer (b) comparator 
(c) transducer (d) dynamometer 
(e) gyroscope. 
An important parameter of specification of milling 
machine is 
(a) size of table 
(c) arbor size 
(e) table movements. 
A milling machine in which the table can be swivelled 
and set at any angle to the column face is called a 
(a) plain knee-and-column type milling machine 
(b) universal knee-and-column type milling 
machine 
(c) bed-type milling machine 
(d) drum-type milling machine 
(e) planer-type milling machine. 


(6) spindle size 
(d) horse power 


The cutting tool in a milling machine is mounted on 
(a) tool holder (b) arbor 
(c) spindle (d) column 


(e) table. 


The chip space between the back of one tooth and 
the face of the next tooth in a milling cutter is called 


(a) fillet (6) land 
(c) radiused edge (d) gash 
(e) tooth space. 


The operation of milling two sides of 
simultaneously is called 
(a) gang milling 

(c) square milling 

(e) end milling. 

In order to avoid dulling of cutter, climb milling 
operasion should never be used when milling parts 
(a) magnesium 
(c) mild steels 

(e) stainless steel. 


a workpiece 


(b) climb milling 
(d) straddle milling 


(b) cast iron 
(d) non-ferrous materials 
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Standard milling arbor size is 

(a) 25.4 mm (b) 27 mm 
(c) 32 mm (d) 31.75 mm 
(e) all of above. 

Milling machine is classified as horiz 


type, depending on the position of onta] Every 
(a) spindle (b) workpiece | 
(c) milling cutter (d) work table Orbe | 
(e) knee. | 
Burnishing is an operation of | 
(a) heat treatment (b) deep boring | 


(c) gear finishing 

(e) producing gears. 

To obtain fine finish cuts in milling | 

(a) the cutting speed should be decreaseq and tte | 
feed increased | 

(b) the cutting speed should be increased and i 
feed decreased | 

(c) both the cutting speed and feed should i | 
decreased | 

(d) both the cutting speed and feed should b 
increased 

(e) there is no such criterion. 

The arbor of the milling machine is used to hold 

(a) cutting tool (b) spindle 

(c) over arm (d) mandrel 

(e) workpiece. 

Very thin chips with end mills | 

(a) dull the cutting edge quickly 

(b) improve tool life 

(c) sharpen the cutting edge 

(d) cause chipping of the cutting edge 

(e) cause tool breakage. 

Plain milling cutters should be 

(a) smaller than the width of the flat surface 
machined 

(6) wider than the flat surface to be machined 

(c) equal to width of flat surface to be machine 

(d) there is no such criterion 

(e) none of the above. 

Plain milling cutters, if used to mill steps" 

would cause 

(a) very good surface finish 

(b) extreme rubbing 

(c) dulling of the surface 

(d) excessive power consumption 

(e) correcting of centring. 

Stagger tooth milling cutters in CO 

Straight tooth side mills 

(a) permit smoother cutting action 

(b) have alternate helical teeth 

(c) have more chip clearance 

(d) permit deeper cuts 

(e) all of the above. 

A universal dividing head is used to P e 

operation by 


(d) surface treatment 


to be 


goves l 


t0 
mpari” 


i 
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G, INDUSTRIAL AND MAINTENACE ENGINEERING 


(a) plain indexing (b) direct indexing 
(c) differential indexing (d) compound indexing 
(e) complex indexing. 


Standard taper generally used on milling machine 


spindles is 

(a) Morse (b) Brown and Sharpe 
(c) Chapman (d) Seller’s 

(e) Metric. 


For sharpening milling cutters, the width of the land 
can be reduced by grinding 

(a) primary clearance angle 

(b) secondary clearance angle 

(c) rake angle (d) suitable nose radius 
(e) back face. 

Dovetail milling cutter falls under the category of 
(a) a plain milling cutter (b) a side milling cutter 
(c) an end milling cutter (d) a shaping tool 

(e) fly cutter. 

A perfect square on the end of a round shaft can be 
milled by mounting it on 

(a) a differential 
(c) an index plate 
(e) universal table. 
In helical milling, the ratio of the circumference of 
the gear blank to the lead of the helix gives the 

(a) angle setting of the machine table 

(b) proper speed to use 

(c) proper feed and depth of cut required 

(d) no. of teeth to be cut 

(e) gear ratio for table screw and dividing head. 
The accurate spacing of teeth in a gear blank requires 
the use of 

(a) a dividing head 

(c) a gear tooth vernier 
(d) a differential mechanism 

(e) universal table. 

Helical gears can be cut on following type of milling 
machine 

(a) vertical 

(c) universal 

(e) multi spindle. 
Feed rate in milling operation is expressed as 

(a) mm/tooth 

(b) mm/r.p.m. of the milling cutter 

(c) metres/minute (d) revolution per minute 
(e) mm. 

Milling cutters are mounted on a part called the 

(a) bracket or brace 

(b) arbor (c) shaft 

(d) dividing head (e) tang. 

The angle between the face of the blade and a line 
Passing through the nose parallel to the milling 
Cutter axis is called 
(a) axial rake 

(c) relief angle 

(e) lip angle. 


(b) a compound rest 


- (d) a dividing head 


(b) an index plate 


(b) horizontal 
(d) drum-type 


(b) radial rake 
(d) clearance angle 


705. 


706. 


707. 


708. 


709. 


710. 


711. 


712. 


713. 





Negative rake is usually provided on 

(a) H.S.S. tools (b) high carbon steel tools 

(c) cemented carbide tools 

(d) all of the above (e) none of the above. 

Side relief angle of a single point tool is the angle 

(a) by which the face of the tool is inclined sideways 

(b) by which the face of the tool is inclined towards 
back 

(c) between the surface of the flank immediately 
below the point and a line drawn from the point 
perpendicular to the base 

(d) between the surface of the flank immediately 
below the point and a plane at right angles to the 
centre line of the point of the tool 

(e) none of the above. 

A left hand tool on lathe is used for turning in the 

direction 

(a) from right to left 

(c) across the bed 

(d) in angular position on compound slide 

(e) any direction. 

Counterboring is the operation of 

(a) enlarging the end of a hole cylindrically 

(b) cone-shaped enlargement of the end of a hole 

(c) smoothing and squaring the surface around a 
hole 

(d) sizing and finishing a hole 

(e) none of the above. 

Power requirement, with increase in cutting speed 

(a) more or less remains constant 

(b) increases linearly (c) decreases linearly 

(d) unpredictable (e) none of the above. 

It is required to divide a surface into six equal parts 

using Brown and Sharpe dividing head. Index handle 

should be rotated by 


(a) 6 turns 


(b) from left to right 


(b) 64 turns 


(c) 1/6 turns 


(e) none of the above. 

Heavy speed shafts to be turned by carbide tools on 
centre lathe must be supported in 

(a) 3-jaw chuck (b) 4-jaw chuck 

(c) live centre (d) steady rest 

(e) collet. 

It is required to index 119 divisions. It can be done 
by 

(a) simple indexing 

(c) compound indexing 
(e) any one of the above. 
One of the important parameters of lathe 
specification is 

(a) swing over tool bed 

(b) swing over tool post 

(c) distance between centres 

(d) horse power 

(e) bed length. 


(d) 64 turns 


(b) direct indexing 
(d) differential indexing 


O 
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714. A quill is a 
(a) tool holding device 
(b) work clamping device 
(c) tool used for milling operation | 
(d) device used in heat treatment operation 
(e) steel tube in the head of some machine tools that 
enclose the bearings of rotating spindles on 
which are mounted the cutting tools. 
715. The different speeds on a lathe are provided in 
(a) arithmetical progression 
(b) harmonical progression 
(c) geometrical progression 
(d) any one of the above (e) none of the above. 
716. Centring can be done most accurately on 


(a) four jaw chuck (b) three jaw chuck 
(c) collet chuck (d) magnetic chuck 
(e) all of the above. 
717. Small sized cylindrical jobs on engine lathe are held 
in 
(a) three jaw chuck (b) four jaw chuck 
(c) lathe dog (d) mandrel 
(e) collet. 


718. In gang milling 
(a) several jobs can be performed in one set up 
(b) one job is completed on several milling machines 
located together 
(c) two or more cutters are mounted on the arbor 


and all of them remove the metal simul- 
taneously 


(d) all of the above (e) none of the above. 
719. Spot facing is the operation of 

(a) enlarging the end of a hole cylindrically 

(b) cone-shaped enlargement of the end of a hole 


(c) smoothing and squaring the surface around a 
hole 


(d) sizing and finishing a hole 
(e) none of the above. 
720. Trepanning operation is performed for 
(a) finishing a drilled hole 
(b) truing a hole for alignment 


(c) producing large hole (d) sizing a small hole 
(e) none of the above. 
721. A T-slot is milled in a 
(a) single operation 
(c) three operations 
(e) none of the above. 


722. End mills designed for cutting aluminium have 


(b) two operations 
(d) four operations 


(a) fast helix angle (b) highly polished flutes 
(c) highly polished cutting edges 
(d) all of the above 


(e) none of the above. 
723. The part of the back of tooth adjacent to th 


edge which is relieved to avoid interfer ae 
the surface being machined and the cutter ig eines 
(a) land (b) fillet 

(c) face (d) cutting edge 

(e) relief angle. 





724. 


725. 


726. 


727. 


728. 


729, 


730. 


731, 






The centre of an existing hole is locates A 
(a) by hit and trial (b) by aiai E, 
(c) using dividing head 8 
(d) with a dial indicator mounted j, i 

spindle e ta 
(e) not possible. 


When locating a number of positions op ay 
the backlash in the machine screws can best 
by iiy, 
(a) backlash device (b) using new Beter 
(c) positioning the workpiece always from the 
direction a 
(d) first taking it forward and then backward 
(e) not possible. 
Drill press size is determined by 
(a) the largest drill that will fit the machine 
(b) the largest piece of work that will fit on theg 
table 
(c) the largest diameter work that can be driled, 
centre 
(d) size of table (e) none of the above, 
When a workpiece requires several operations si 
as drilling, counter-boring, reaming ete, t 
following machine should be used 
(a) radial drilling machine 
(b) multispindle drilling machine 
(c) hand drilling machine 
(d) gang-drilling machine (e) none of the above. 
Counter-sinking is the operation of 
(a) enlarging the end of a hole cylindrically f 
(b) cone-shaped enlargement of the end of ahi 
(c) smoothing and squaring the surface a" 
hole 
(d) sizing and finishing a hole 
(e) none of the above. ti 
For fast metal removal rate 0n lathe 
recommended to 
(a) increase speed 
(b) use hot machining 
(c) use carbide tool 
(d) use abundant supply of coolant 
(e) use roughing cut. pinio 
Segmented chips are formed when mac 
(a) ductile metal 
(6) brittle material 
(c) heat treated material poof ei 
(¢) with lot of pressure and heat again? 
(e) none of the above. e 
Machinability hat A 
(a) tends to increase with increase 1” git 
(b) tends to decrease with increase p a 
(c) remains unaffected with har dnese 
(d) (b) is correct in general, but it cah gid 


influenced by strain harden 
Structure 


(e) none of the above. 
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132 Machinability depends on 


(a) microstructure, physical anq mechanical 
properties and composition of workpiece 
material 

(b) cutting forces (c) type of chip 

(d) tool life 


(e) profile of workpiece. 
733, Machinability tends to decrease with 


(a) increase in hardness and i 
strength 
(b) increase in strain hardening tendencies 
(c)increase in carbon conten 
carbide 
(d) decrease in grain-size 
(e) all of the above. 
734, Machinability can be calcu 
following factor 
(a) tensile strength 
(c) shear angle 
(e) none of the above. 
735. Ideal chip is 


(a) heavy continuous chip 
(b) lighter continuous chip 
(c) tightly curled continuous chip 
(d) short, broken one in the shape of ‘figure 9’ chip 
(e) none of the above. 
736. Shear angle varies with 
(a) different materials an 
(b) cutting Speed 
(d) machine used 
737. Continuous chips are for 
(a) ductile metal 
(c) heat treated material 
(d) with lot of pressure and heat against the tool 
(e) none of the above. 
738, A 5° taper over 5 mm length is to be made on a 100 
mm diameter job. Which method should be used ? 
(a) taper turning attachment 
(b) tailstock offset method 
(c) compound rest method 
(d) form tool method (e) any one of the above. 
Chip breakers are provided on cutting tools 
(a) for Safety of operator 
to minimise heat generation 
(c) to permit easy access of coolant at tool point 
d) to Permit short segmented chips 
to increase tool life. 
Tool life is said to be over when 
(a) finish of work becomes too rough 
(b) chips become blue 
(c) chattering starts 
e) a certain 
the flank. 
n the Taylor equation VT” = C, value of index n is 
closely related to 
2) workpiece material 
(c) working conditions 


ncrease in tensile 


t, hard oxide and 


lated and predicted by 


(b) brinell hardness 
(d) all of the above 


d with tool geometry 
(c) feed 

(e) none of the above. 
med when machining 
(b) brittle material- 


739, 


(e) 
740, 


(d) cutter looks dull 
amount of wear or cratering occurs on 
741, | 


(6) cutting tool material 





(d) temperature at chip tool interface 
(e) none of the above. 


742. The relationship between the shear angle 9, 
angle § and cutting rake angle a, and the ma 
constant C for the work material is 
(a) 26+B-a=C (6)2a+B-o0=C 
(c)2B+a-o=C (d)20+a0-B=C 
(e)20+a4+BP=C. 


743. Wear limit on cutting tool is of the order of 
(a) 0.2 mm (b) 0.8 mm 


(c) 1.6 mm (d) 2.5 mm 
(e) none of the above. 


With high speed steel tools, the maximum safe 
operating temperature is of the order of 

(a) 200°C (b) 540°C 

(e) 760°C (d) 870°C 

(e) 1100°C. 


745. To remove maximum material per minute with the 
same tool life 
(a) increase depth of cut (b) increase feed rate 
(c) decrease cutting speed 
(d) increase cutting speed (e) all of the above. 


746. The included angle between the land and the face of 
the tooth is called 


(a) rake angle 
(c) relief angle 
(d) primary clearance angle 
(e) axial rake. 

747. A cutting tool having tool signature as 10, 10, 6, 6, 8, 
8, 2 will have back angle as 
(a) 10° (b) 6° 
(c) 8° (d) 2° 
(e) none of the above. 

748. The last element in the tool Signature is 
(a) back rake angle 
(c) nose radius 
(e) side-relief angle. 


friction 
chining 


144. 


(b) lip angle 


(b) side rake angle 
(d) end cutting edge angle 


749. As cutting speed increases, the built up edge 
(a) becomes smaller and final 
(6) becomes bigger 
(c) has nothing to do with speed 


(d) may or may not form depending on other 
conditions 


(e) none of the above. 
750. Carbide tools wear out faster at 


(a) slow speeds (6) medium speeds 
(c) fast speeds (d) very fast speeds 
(e) speed is no criterion for wear. 
751. Which of the following tools are harder and more 


wear resistant than tungsten carbide but are weaker 
in tension ? 


(a) low carbon steel tools 
(6) high carbon steel tools 
(c) H.S.S. tools 

(d) ceramic tools 

(e) none of the above. 


ly does not form at al] 
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752. 


753. 


754. 


755. 


756. 


157. 


758. 


759. 


760. 


761. 


762. 


ramic tips are prepared from 
r BiA powder (b) carbon powder 
(c) aluminium oxide powder 
(d) silicon carbide powder 
(e) H.S.S. powder. Ea 
Which of the following are cast alloys or 
tungsten and chromium carbides in a matrix of coba 
and chromium ? 
(a) mechanites 
(c) bakelites 
(e) ceramics. 
Carbide tips are fixed to the shanks of cutting tools by 
(a) forging (b) sintering 
(c) welding (d) soldering 
(e) brazing. 


(b) tungsten carbides 
(d) stellites 


The most wear-resistant grade of carbide used for 

cutting tools is the straight 

(a) iron carbide (b) calcium carbide 

(c) tungsten carbide (d) nickel carbide 

(e) aluminium carbide. 

With increase in cutting speed, the finish 

(a) improves considerably 

(b) improves slightly 

(c) remains same 

(d) gets poor 

(e) gets poor or improves depending on work 
. material. 

When turning a long shaft on a lathe, its bending 

can be prevented by 

(a) running the shaft at low speed 

(b) using low feed (c) using low depth of cut 

(d) using sturdy machine (e) using steady rest. 

In oblique cutting system, the chip thickness is 

(a) maximum at middle (b) maximum at sides 

(c) minimum at middle (d) uniform throughout 

(e) none of the above. 

Finish is more affected by 

(a) cutting speed (b) depth of cut 

(c) feed-rate (d) lubricant 

(e) none of the above. 


Best method of increasing the rate of removing metal 
is 


(a) increase speed 

(c) increase depth of cut 
(d) increase nose radius 
(e) supply more quantity of lubricant. 


The width of tape by which numerical control 
machines are controlled is 


(b) increase feed-rate 


(a) 10 mm (6) 20 mm 

(c) 25 mm (d) 50 mm 

(e) 100 mm. 

Number of tracks on tape as per EIA standard are 
(a) 4 (b) 6 

(c) 8 (d) 10 

(e) 12. 
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771. 
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Photo-electric tape readers are Capable of 
upto 

(a) 10 rows/sec on tape (b) 100 rows rig 
(c) 300 rows/sec on tape (d) 3000 rows/e 
(e) none of the above. 

A ‘block’ of information means 
(a) one row on tape 

(b) a word, comprising several rows on tape 
(c) initial portion of tape 

(d) complete instruction 

(e) complete programming for a job. 


Cemented carbide tools wear faster at 
(a) high speed (b) very high speed 
(c) medium speed (d) very low speed 


(e) none of the above. 

The machining operation of cutting a key-way ins ie 
a drilled hole is known as 
(a) reaming 

(c) boring 

(e) counter sinking. 


(6) broaching 
(d) tapping 


The process of trimming is associated with 

(a) forging (b) electroplating 

(c) machining (d) polishing 

(e) press work. 

The numerical control system which is applicable to 
a milling machine is called the 

(a) point-to-point system 

(b) continuous path system 

(c) zig-zag machining system 

(d) straight cut-system 

(e) contouring system. 

The broaching operation in which the work moves 
past the stationary tool is called 

(a) pull broaching (b) push broaching 
(c) surface broaching (d) continuous broaching 
(e) full broaching. 

The point-to-point system of numerical contro 
be applied only to the conventional 

(a) drilling machine or jig boring operations 
(6) milling operations (c) shaper operation? 
(d) lathes (e) grinder. 24 ght! 
The following machine should be specifies i 
complex parts in short run quantities W i 
have to be produced 
(a) copying 

(c) transfer machine 
(d) electro-chemical milling machine 
(e) non-conventional machines. 
TAB code is used 

(a) to leave space between words 

(b) at the end of a block 


(c) to align the information properly ý 
written copy 

(d) for staring fresh instruction 

(e) any one of the above. 


] ca 


(b) NC machine 


ty" 
n the 
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yur l HSS. 
7 elif clearance angles on S. tools usually vary 





from . 30° (b) 3 to 10° 

e 10 15° (d) 15 to 20° 

(c o 
| W2. ay ‘ai 
| rye purpose of providing relief or clearance angles 
pe on tools iS j 


(q) permit chip formation 

;5) facilitate easy flow of chips 

(o) strain harden the material 

d) strengthen the tool 
(e) prevent tool from rubbing on the work. 

ang, High speed steel tools compared to carbon steel tools 

| operate at 

| (a) same speed (b) 2-3 times higher speed 
(c) 2-3 times lower speed (d) 3-5 times higher speed 
(e) 5-8 times higher speed. 


176. The cutting speed of H.S.S. milling cutter to machine 
aluminium 1s 


on 


(a) 25-40 m/mt (6) 50-80 m/mt 
(c) 100-160 m/mt (d) 180-240 m/mt 
(e) 240-400 m/mt. 


=~! 


11. Instarddle milling, following number of side milling 
| cutters are mounted on the arbor 
© wl (b) 2 
| (c) 3 (d) 4 
(e) none of the above. 


. The following cutting fluid is used when milling with 
carbide tipped milling cutter 
(a) kerosene 


(b) lard oil 
(c) water (d) CO, 
(e) dry, 
"9, ner of the following is not a multi-point cutting 
ool 7 
(a) drill (b) reamer 
(c) milling cutter (d) parting tool 
nap (e) srinding wheel. 
| l : * Included angle of taper in collet is usually 
0 = (b) 5-10° 
p © E0. ae 
° ih of the foll owing machines utilise fly cutter ? 
bee (b) planer 
: shaper (d) broaching 
Ro, milling Machine. 


spe, sitive radial rake angle in most of the high 
a Mg cutters is 
to 0° (b) 0— 5° 


) 
| 15° 
1 (d) 10 - 
7 5H . 
s, Pic 0 25°, 
| e s . 
rave] f . 
B) i. , °t Job E 
nning 
| q Sia of chip is maximum at the beg! 


c Cutting f KON p 
orce is directed downwar 


784, 


785. 
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| 531 
(d) coolant 


(e) all of th 


À . 
right hand tool is one which is used to 


(a) start a 
C . 
headstock from tailstock and cut toward the 


) start a cut fr 
tailstock 
(c) start facing at the centre and cut outward 
(d) (a) and (c) above 
(e) (b) and (c) above. 
For turning mild Steel, type of tool used is 
(a) left hand type 
(b) right hand type 
(c) any one of the two 
(d) depends on cutting angles and tool material 
(e) none of the above. 
Negative rakes are used for 
(a) heavy loads 
(c) carbide tools 
(e) none of the above. 
The helix angle of the teeth of a heavy duty plain 
milling cutter is of the order of 
(a) — 15° to 0° (b) 0° to 5° 
(c) 10° to 20° (d) 25° to 45° 
(e) 45° to 60°. 
Purpose of side rake is to 
(a) avoid work from rubbing against tool 
(b) control chip flow (c) strengthen tool edge 
(d) break chips (e) shear off the metal. 
Relief angles on carbide tips are usually provided 
between 


can be easi] 


y poured on th i 
e above. e cutting edge 


om head stock and cut toward the 


(b) harder materials 
(d) all of the above 


(a) 3 -5° (b) 5 - 8° 
(c) 3 192° (d) 12 = 15 
(e) 15 — 20°. 


A grinding wheel gets glazed (shining cutting edges) 
due to 
(a) wear of abrasive grains 
(b) breaking up of abrasive grains 
(c) wear of bond a 
ndin 

eee fine chips and metal powder on 

wheel. | 
In grinding operation, 
(a) coarser grain size i ` 
(b) fine grain size is use P 
(c) medium grain size is jai 
(d) any grain size may be u 
(e) none of the above. 
Maximum cutting angle 
(a) mild steel 


(c) ren poe (e) aluminium alloys. 
(d) nicke 


a 


sing dial 
e e head attachment 
ć 


for grinding softer materials 
s used 


s are used for machining 
(b) cast iron 


ning steels 
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796. 
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798. 


799. 


800. 
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(d) manipulating vertical and horizontal 
movements 
(e) rotary tables. . 
In tool signature, nose radius 1s indicated 
(a) in the beginning (b) at the end 
(c) in the middle (d) not indicated 
(e) none of the above. 
Reaming is the operation of 
(a) enlarging the end of a hole cylindrically 
(b) cone shaped enlargement of the end of a hole 
(c) smoothing and squaring the surface around a 
hole 
(d) sizing and finishing a hole 
(e) none of the above. 
Which of the following is fastest method of cutting 
gears ? 
(a) milling 
(c) gear hobbing 
(e) all of the above. 
Hard ferrous metals like steel and cast iron are cut 
with following medium size grit cut off wheels 
(a) ALO, (b) SiC 
(c) diamond grit (d) garnet 
(e) boron carbide. 
In grinding operation, for grinding harder material 
(a) coarser grain size is used 
(b) fine grain size is used 
(c) medium grain size is used 
(d) any grain size may be used 
(e) none of the above. 
Which of the following abrasives will be selected for 
grinding tool steel and high speed steel ? 
(a) diamond (b) Al,O, 
(c) SiC (d) boron carbide 
(e) none of the above. 
Which abrasive particle would you choose for 
grinding bronze valve bodies ? 
(a) silicon carbide 
(c) diamond 
(e) none of the above. 
Which abrasive particle would 
grinding high speed steel tools ? 
(a) silicon carbide 
(c) diamond 
(e) none of the above. 
For grinding operation in wh 
must be kept minimum, the fol 
must be used 


(a) resinoid rubber 

(c) vitrified 

(e) any one of the above. 
Holes in parts which have been h 
treatment can be finished to accur 
(a) drilling 

(c) internal grinding 

(e) any one of the above. 


(b) gear shaping 
(d) gear burnishing 


(b) aluminium oxide 
(d) cubic boron nitride 


you choose for 


(b) aluminium oxide 
(d) cubic boron nitride 


ich heat generation 
lowing bond of wheel 


(b) silicate 
(d) shellac 


ardened by heat 


ate size on] 
(b) boring yy 


(d) reaming 


804. 


805. 


806. 


807. 


808. 


809. 


810. 


811. 


812. 


813. 


814, 





E 


Which of the following is an exa 
grinding ? 

(a) removing excess metal on weld 
(b) grinding a parting line left on casti 
(c) trimming the surface left by Sprue 
(d) removing flash from forgings 

(e) all of the above. 
The grit size of the abrasives used in tha pci 
wheel is usually specified by the Tindiy 
(a) hardness number (b) size of the whee] 
(c) softness or hardness of the abrasive 

(d) mesh number (e) refractive index. 

A grinding wheel gets glazed due to 

(a) wear of abrasive grains 

(b) wear of bond (c) breaking of abrasive 
(d) cracks in wheel (e) sharpening of whee 
In grinding practice, the term “hardness of the whe 
or “grade of the wheel” refers to 

(a) hardness of the abrasives used 

(b) strength of the bond of the wheel 

(c) finish of the wheel 

(d) hardness of the workpiece 

(e) type of abrasive used. 


a 
Mple of t ; 


: 


ng 
S and risen 


Which abrasive particle would you choose for 
grinding tungsten carbide tool inserts ? 

(a) silicon carbide (b) aluminium oxide 
(c) diamond (d) cubic boron carbide 
(e) none of the above. 

Which of the following is the natural abrasive ? 
(a) Al,O, (b) SiC 

(c) borron-carbide (d) corundum 

(e) borolon. 
Which of the following is the manufactur 
abrasive ? 
(a) corundum 
(c) emery 

(e) diamond. fr 
Which abrasive particle would you choost 
grinding steel fittings ? 
(a) silicon carbide 

(c) diamond 

(e) any one of the above. 
Which bond is used in cut off wheels ? 


(b) quartz 
(d) SiC 


(b) aluminium ou 
(d) cubic boron nitri 


(a) rubber (b) vitrified 
(c) resinoid (d) shellac 
(e) any one of the above. i used fo 


Which of the following abrasives will 
grinding ceramics ? 
(a) diamond (b) Al,O3 
(c) SiC (d) boron cat 

(e) none of the above. indin 
Pick up the incorrect statement about Tis ysed 
(a) for cutting soft material, har d pes i use j 
(b) for cutting hard material, har d whe nati 


(c) for grinding soft material, 


required 
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815. 


816. 


817. 


818. 


819, 


820. 


821, 


829 


823, 


- Al 


(d) for grinding hard material, wet condition is 
required 

(e) slower wheel speeds cause the wheel to act as if 
it were harder. 

Grinding wheel is flooded with coolant in order to 

(a) remove chips (b) remove heat 

(c) clean the wheel (d) clean the job 

(e) clean the machine. 

Hardness of grinding wheel is determined by 

(a) the resistance exerted b 
grinding stress 

(b) hardness of abrasive grains 

(c) hardness of bond 

(d) its ability to penetration 

(e) its ability to work without scratches. 

The process of improvin 

wheel is called 

(a) dressing operation 

(c) cutting operation 

(e) clearing operation. 


y the bond against 


g cutting action of grinding 


(6) turning operation 
(d) facing operation 


In cylindrical grinding operations, the work 

compared to grinding wheel is always rotated 

(a) at a much slower speed 

(b) at a much faster speed 

(c) at the same speed (d) at 100 rpm more 

(e) there is no such correlationship. 

Pick up the wrong statement 

(a) for grinding hard as well as brittle materials, 
fine grained grinding wheel is used 

(b) for grinding metal at fast rate, coarse grained 
Wheel is used 


(c) for grinding hard materials, soft grade is used 
and vice versa 

(d) for grinding soft material, fine grain is used 

(e) for grinding soft and ductile materials, coarse 
grained wheel is used. 

A slight taper on the full length of a long shaft 


mounted between centres on a universal cylindrical 
8rinder, can be ground by 


(a) off Setting the tail stock 
(b) swivelling the table on its base 

(c) Swivelling the wheel head 

) SWivelling the workpiece 
e) taper turning attachment. 
at kind of abrasive cut-off wheel should be used 

to cut Concrete, stone and masonry ? 
(a) Sic (b) Al,O, 


(c) diamond grit (d) garnet 
(e) glass. 


UMinium 
8Tinding 
(a) Cast iron 


c) Ceramic materials 
(e) al] of the above. 


oxide wheel would be selected for 


(b) cemented carbide 
(d) HSS 


S ° grit, grade and structure of grinding wheels for 
Pecific Operations are based on 


824. 


825. 


826. 


827. 


828. 


829. 


830. 


831. 


832. 





(a) grinder clearance 
(b) spindle size of the grinder 
(c) diameter of wheel 


(d) speed at which the wheel is to be used 
(e) thickness of wheel. 


When it is required to run a grinding wheel safely at 
very high speed, following bond should be used 
(a) vitrified (b) shellac 


(c) silicate (d) resinoid and rubber 
(e) any one of the above. 

In grinding operation, for grinding softer material 
(a) softer grade is used (b) high grade is used 
(c) medium grade is used 

(d) any grade may be used 

(e) none of the above. 


Crack is developed in grinding wheel due to 
(a) generation ofheat (b) high speed 


(c) slower speed (d) hard work 
(e) none of the above. 


The face of the wet type grinder is crowned slightly 

to minimise the amount of contact between the wheel 

and the work. This reduces the possibility of the 

carbide tip 

(a) being damaged or destroyed by excessive heat 

(6) being ground away too rapidly 

(c) damaging the wheel by causing it to wear 
rapidly 

(d) all of the above (e) none of the above. 

In grinding operation, for grinding harder material 

(a) softer grade is used (6) high grade is used 

(c) medium grade is used 


(d) any grade may be used 

(e) none of the above. 

The following material is used 
(a) HSS 

(c) aluminium oxide 
(e) none of the above. 
A dense structure in 
(a) heavy cuts 

(c) elastic material] 
(e) finishing cuts. 
Pick up the incorrect statement about Al,O, grinding 
wheel 


(a) it is less tough than SiC 


(b) it is suitable for high tensile Strength material 


(c) it is used for grinding hardened steel, hard 
bronze, steel billets etc. 


(d) it is less hard than Sic 

(e) it is more shock resistant. 
Ball grinding compared to ¢ 
grinding requires 
(a) harder wheel 
(c) medium wheel 


(d) harder/softer wheel depending on material 
(e) softest wheel. 


for diamond lapping 
(6) copper 


(d) high carbon steel 
grinding wheel is used for 


(b) ductile material 
(d) hard material 


ylindrical and flat 


(6) softer wheel 
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The most popular chuck used on surfac RINg 


(a) pneumatic chuck 


843. 


e 
(b) hydraulic che x 





833. Hard materials require 


(a) fine grit sizes and hard grades 
(b) coarse grit sizes and hard grades 
(c) coarse grit sizes and soft grades 
(d) fine grit sizes and soft grades 
(e) none of the above. 
834. Soft ductile materials require 
(a) fine grit sizes and hard grades 
(b) coarse grit sizes and hard grades 
(c) coarse grit sizes and soft grades 
(d) fine grit sizes and soft grades 
ne of the above. 
835. a the grains of a grinding wheel become dulled, 
then it needs to be 


844. 


845. 


(c) three-jaw chuck 

(e) independent chuck. 
An open structure of a grinding wheel ; 
(a) tough materials 
(c) heavy cuts 

(e) all of the above. | 
Dressing of grinding wheels to resto, 
done by 
(a) pumice stone dresser (b) too] stee] dresser | 
(c) diamond dresser 

(d) sharp edged H.S.S. cutter 
(e) solid carbon steel bar. 


(d) Magnetic chuck 


e 
Sharpnes, | 


) replaced (b) trued 846. In a hard grade grinding wheel, the abrasives 
ac 
pu (d) treated (a) are hard (b) have dense structure 
le) reground (c) get lodged off easily (d) are of fine grain 
836. The hardness of a grinding wheel is specified by (e) are held more securely., 
(a) BHN 847. When grinding wheels become loaded or glazed, they 
(b) Rockwell hardness number must be 
(c) LPN (d) search test (a) balanced properly (b) aligned accurately 


(e) letter of alphabet. 
837. Honing operation produces normal quality of finish 


(c) trued (d) dressed 


(e) discarded. 


of the order of 848. For grinding high tensile strength materials, 
(a) Nr to _ a ae ar lue following abrasive is recommended 

(b) 0.08 to 0.2 um value ALO b) SiC 

(c) 0.2 to 0.4 um CLA value (a) Al,O; (b) Si 


(d) 0.4 to 0.8 um CLA value 
(e) 0.8 to 1.5 um CLA value. 
838. A 5mm thick shoulder on a 100 mm diameter shaft 
will be ground by the following operation 
(a) cylindrical grinding (b) centreless grinding 
(c) plunge grinding (d) surface grinding 
(e) diamond dressing. 
839. When the area of contact between wheel and work is 
small, then following grade should be used for 


849. 


(c) diamond (d) corundum 

(e) boron carbide. 

A centre type cylindrical grinder that permits 
swivelling the wheel head and head stock at an angle 
to the table ways is called a 

(a) tool and cutter grinder 

(6) surface grinder 

(c) internal grinding machine 

(d) bench grinder (e) universal grinder. 


grinding wheel ` 850. The first symbol in a grinding wheel code is the 
(a) harder (6) hardest (a) bond type (b) abrasive type 

(c) medium (d) softer (c) grain size (d) structure 

(e) softest. 


840. The standard marking system for grinding wheels 
has following number of symbols 


851. 


(e) bond grade. J 
In grinding operation, for faster removal of materi 
(a) fine grain size is used 


(a) 1 (b) 2 
(c) 3 (d) 4 (b) medium grain size is used 
(e)5. (c) coarse grain size is used 


841. A grinding wheel j 

will not vibrate 

(a) putting balancing weights on the whee] 

(b) enlarging the spindle hole 

(c) using wheel dampers 

(d) dressing the Wheel wi 

with j 

(e) none of the above. i 

- The Operation o 


s balanced as follows so that it 


842 


852. 


(d) any grain size may be used 

(e) none of the above. 

A grinding wheel is completely specified b 

following elements taken in order 

(a) type of abrasive, grain size, grad 
bond as 

(b) grain Size, grade, structure, type of abr 


y the 


e, structul 
? 


ive; 


f Sh i s= ge bond ive, 
alled arpening a grinding Wheel is (c) structure, bond, grain size, type of ae 
a) trueing grade “ve 

; 1v% 
(c) aligning b) dressing (d) bond, structure, grain size, type of aka 


(e) bonding, (d) balancing 


grade, bond 
(e) none of the above. 
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Which of the following parts of a universal grinding 
machine can be swivelled with respect to table 
travel ? 


(a) grinding wheel (b) table 
(c) headstock (d) table slide 
(e) all of the above. 


Tolerances are specified 

(a) to obtain desired fits 

(b) because it is not possible to manufacture a size 
exactly 

(c) to obtain higher accuracy 

(d) to have proper allowances 

(e) to have proper inspection. 

Drilling is an example of 

(a) simple cutting 

(c) orthogonal cutting 

(e) complex cutting. 

In a cutting operation, the largest force is 

(a) axial or longitudinal force 

(b) tangential force (c) radial force 

(d) along shear plane (e) (a) and (b) above. 


When radial force in cutting operation is too large, 
it will cause 


(a) best finish 

(6) chatter and poor finish 

(c) finish has nothing to do with radial force 
(d) shorten tool life (e) all of the above. 
The cutting force is affected by 

(a) feed, speed and depth of cut 

(b) cutting tool angle (c) material hardness 
(d) type of lubricant (e) (a) and (c) above. 
Titanium carbide coated tools 

(a) require frequent regrindings 

(b) require a few regrindings 

(c) require regrinding according to equipment 
(d) require no regrinding 

(e) none of the above. 

Tolerances on commonly used twist drill diameters 
are held quite close, averaging 

(a) + 0.02 mm. — 0.02 mm 

(b) + 0, — 0.02 mm (c) 0.0 mm, — 0 mm 
(d) + 0.002 m, — 0.002 mm 

(e) + 0,-0.2 mm. 

Drill diameter is measured over the 


(6) uniform cutting 
(d) oblique cutting 


(a) main body (b) plain shank portion 
(c) margins at the drill point 
(d) heel (e) lips. 


Point angle of 90° on drills is used for 

(a) all general applications on mild steel 

(b) bakelite, hard rubber and fibrous plastics 
(c) hard steels and nickel alloys 

(d) thin sheet metal 

(e) there is no such criterion. 

An oversize hole will be produced in drilling, if 
(a) feed rate is very high 

(b) cutting speed is too low 


864. 


865. 


866. 


867. 


868. 


869. 


870. 


871. 


872. 


873. 





(c) lips of drill are of unequal length 

(d) unsufficient coolant is used 

(e) drill is not properly fixed. 

The most widely used material for drills, taps and 
reamers is 

(a) low alloy carbon steel 

(b) high speed steel (c) carbon steel 

(d) cemented carbide (e) ceramic. 

Choose the correct statement 

A twist drill produces a hole of 

(a) fine finish (b) accurate size 

(c) exactly round (d) exactly positioned 

(e) none of the above. 

The most suitable machine for drilling holes in rifle 
barrels is 

(a) ultrasonic machining (b) laser machining 

(c) radial drilling machine 

(d) deep hole drilling machine 

(e) plasma arc drilling. 

Time taken to drill a hole through a 25 mm thick 


plate at 300 r.p.m. at a feed rate of 0.25 mm/revolution 
will be 


(a) 10 sec (b) 20 sec 
(c) 25 sec (d) 40 sec 
(e) 50 sec. 


A twist drill is specified by 

(a) an alphabet specifying hole size 
(b) A number specifying hole size 

(c) the size of hole it can drill 

(d) any one of the above 

(e) none of the above. 

The metal is removed in drilling operation by 
(a) work hardening of metal 

(6) compression (c) shearing 
(d) extrusion 

(e) shearing and extrusion. 


The optimum lip angle of the twist drill for the work 
material of mild steel should be 


(a) 108° (b) 110° 
(c) 118° (d) 120° 
(e) 181°. 


A twist drill is specified by its shank, material and 
(a) lip angle (b) diameter 

(c) length of body (d) size of flute 

(e) all of the above. 

The best way to check the sharpness of a drill of 
tungsten carbide-tipped bit is to 

(a) inspect it physically 

(b) test hardness 

(c) drill a test hole 

(d) judge its finish 

(e) rub it against a known surface. 

Quill in connection with drilling machine refers to 
(a) drill holding mechanism 

(b) rack (c) keyway 

(d) pinion (e) none of the above. 


LG 
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a 


. The helix angle on a HSS twist drill for drilling cast 


iron is of the order of 


(a) 14 — 22° (b) 24 — 32° 
(c) 35 — 40° (d) 40 — 45° 
(e) 45 — 55°. 


Twist fluted drills are preferred because 
(a) it cuts holes efficiently 

(b) it is a light weight tool 

(c) cutting lip is supported rigidly 

(d) it moves swiftly in the metal 

(e) chips move out automatically. 

A portable drilling machine is specified by 
(a) the size of the job it can hold 

(6) maximum diameter of drill it can hold 
(c) spindle speeds and feeds 

(d) maximum spindle travel 

(e) size of the table. 

The important purpose of flutes in a drill is that they 
enable the 

(a) cutting fluid to enter the working zone 
(b) chips to come out 

(c) strength of the drill at the cutting point 
(d) weight of the drill to be reduced 

(e) cutting edges to be formed. 


The usual value of helix angle of a drill is 

(a) 10° (b) 20° 

(c) 30° (d) 60° 

(e) 118°. 

The point angles and clearance angles of drills 
depend on 


(a) drill diameter (6) material to be drilled 
(c) r.p.m. of the drill 

(d) depth of the hole to be drilled 

(e) type of lubricant used. 

The rake angle of a single point cutting tool 
corresponds to following angle of a twist drill 

(a) point angle (b) helix angle 

(c) lip diameter angle (d) chisel edge angle 

(e) primary angle. 
A twist drill is specified by 

(a) its diameter and lip angle 

(b) its material and shank 

(c) it shank and diameter 
(d) shank, material and flute size 

(e) shank, material and diameter. 
All straight-shanked drills used in drill press work 
must be held in the 

(a) spindle of the drill press 

(b) key type drill chuck (c) tapers sleeve 

(d) vise (e) universal head. 

Point angle of 118° on drills is used for 

(a) all general applications on mild steel 

(b) bakelite, hard rubber and fibrous plastics 

(c) hard steel and nickel alloys 

(d) thin steel metal 

(e) there is no such criterion. 
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884. Cutting fluid in drilling operation js i RING 


(a) cool the drill (b) coo] tiie 
(c) aid in rapid removal of chips 

(d) improve the finish of the drilleq hole 

(e) all of the above. 

The work is usually rotated whi zO 

the work in le the drill is fed into 
(a) hand drilling machine 

(b) radial drilling machine ! 
(c) deep hole drilling machine 


Work 





885. 


f 
| 


(d) multiple spindle drilling machine 

(e) none of the above. 

Point angle of 135° on drills is used for 

(a) all applications on M.S. 

(b) bakelite, hard rubbers and fibrous plastics 

(c) hard steels and nickel alloys 

(d) thin sheet metal (e) (c) and (d) above 

For drilling aluminium, a drill with | 
(a) high helix angle is required | 


886. 


887. 


(b) low helix angle is required 
(c) any helix angle can be used 
(d) zero helix angle is required 
(e) none of the above. 
For drilling glass, slate, ceramic and masonry, 
following drill is used 
(a) twist drill (6) spade bit 
(c) tungsten carbide-tipped bit | 
(d) auger (e) hardened steel drill. | 
When the lip clearance of a drill is too small, i.e. when 
it requires resharpening 
(a) it will drill a bigger hole 
(6) it will drill an eccentric hole 
(c) it will drill and elliptical hole 
(d) it will drill a rough hole 
(e) drill will not be able to enter the work. 
The twist drill works by 
(a) being forced through the material 
(b) rotating against the material with sufficient 
pressure to cause it to penetrate the material 
(c) rotating against the material and being pulled 
through by spiral of the flutes 
(d) all of the above 
(e) none of the above. . 
The rake angle of single point cutting tool 15 
equivalent to 
(a) helix angle of a twist drill 
(b) the lip angle of twist drill 
(c) end cutting edge angle of a twist drill 
(d) the relief angle of a twist drill 
(e) none of the above. 
For drilling brass, a drill with 
(a) high helix angle is required 
(6) low helix angle is required 
(c) any helix angle can be used 
(d) zero helix angle is required 
(e) none of the above. 


888. 


889. 


890. 


891. 


892. 





Scanned by CamScanner 





f 

993. 
894. 
895. 


896. 


897. 


898, 


899, 


900 


901, 


902. 


903. 





ve, 
pe) 
hh 
Pr: A 
4 


cTURING. INDUSTRIAL AND MAINTENACE ENGINEERING 


To provide a positive drive, all taper shanked drills 
are provided with 

(a) sleeve (b) socket 

(c) tang (d) neck 

(e) head. 

fa drill dyes Det ea the probable cause could be 


t 
vi material is hard (b) speed is low 
(c) no lubricant is used (d) drill is blunt 
(e) drill is not mounted properly. 
Which portion of a taper shank drill prevents drill 
from slipping and thus ensures a positive drive ? 


(a) sleeve (b) socket 
(c) neck (d) tang 
(e) flutes. 


If a drill breaks when drilling a soft and tough 
material, it could be due to 


(a) low speed (6) blunt drill 
(c) hard drill 

(d) obstruction of flute of drill by chips 
(e) no lubricant. 


To reduce the feeding pressure needed for drilling 
larger holes, it is a good practice first to 

(a) anneal the workpiece 

(b) drill a countersunk hole 

(c) drill a small pilot hole 

(d) drill a stepped hole 

(e) mark a centre hole. 

A drill having flat side and two cutting edges for 
drilling large holes is called 

(a) micro-drill (b) spade drill 

(c) boring tool 

(d) counter-boring tool 

(e) deep hole drill. 


Kerosene is a good cutting fluid to use when drilling 


(a) cast iron (b) mild steel 
(c) aluminium 


(d) brass 
(e) bronze. 
| _ taper usually employed in drill sleeves is known 
83 


(a) Girling taper (b) Morse taper 


hA Brown and Sharpe taper 
1: 1 taper (e) metric taper. 
bP er shank drill is removed from the drill spindle 


a) tapping the drill by a hammer 


d) a Crew driver (c) a draft 
a drift (e) a tang. 


q “tsized holes in drilling are caused by : 

( “qual lengths of lips (b) unequal length of lips 

e arger helix angle (d) smaller helix angle 
Wornout drills. 


en th 
the dri] "a 
la) ] 


tting lips of a drill are uneven in length, 
l will cut a 


Bi hole than the drill size 
mall hole than the drill size 


904, 


905. 


906. 
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(c) same size hole as the drill size 

(d) unpredictable (e) none of the above. 

The flutes of a drill perform the following function 

(a) help form the cutting edge of the drill point 

(b) curb the chip tightly for easier removal 

(c) form channels through which the chips can 
escape from the hole being drilled 


(d) allow the coolant and lubricant to get down to 
the cutting edge 


(e) all of the above. 

For reaming operation in blind hole, following type 
of reamer should be used 

(a) straight flute reamer 

(b) right hand spiral fluted reamer 

(c) left hand spiral fluted reamer 

(d) any one of the above 

(e) none of the above. 

Drills are usually made of 

(a) plain high-carbon tool steel 

(b) alloy steel (c) high-speed steel 
(d) tungsten carbide (e) cast alloys. 


A boring tool for boring a hole over a large length 

should have 

(a) one tool bit on a bar 

(b) 2 tool bits fitted on diametrically opposite sides 
of bar 

(c) 3 tool bits equally spaced 

(d) 4 or more tool bits 

(e) none of the above. 


The machining process which makes a cone-shaped 


recess at the top of a drilled hole for a flat head 
machine screw is called : 


(a) counter-boring 
(c) counter-sinking 
(e) spot-facing. 
The groove in the body of the drill which allows the 
chips to come out is known as: 

(a) chip breaker (b) lip 


(c) flute (d) margin 
(e) chip-follower. 


(b) die-sinking 
(d) taper drilling 


Which is correct statement ? 

A twist drill 

(a) should not be relied on for accurately sized holes 

(b) can be relied on for accurately sized holes 

(c) capability for production of accurately sized 
holes depends on its condition 

(d) is most commonly used for production accurately 
sized holes 

(e) none of the above. 


The reamer is always removed from the finished 

holes 

(a) by reversing the drill press 

(b) by stopping the machine before removing the 
reamer 

(c) by slowing the machine before removing the 


reamer 


Scanned by CamScanner 








912. 


913. 


914. 


915. 


916. 
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918. 


919. 


920. 


(d) before stopping the machine 

e) none of the above. . 
= reaming copper or soft aluminium, following type 
of reamer should be used : 
(a) straight flute reamer 

(b) right hand spiral fluted reamer 

(c) left hand spiral fluted reamer 
(d) any one of the above (e) none of the above. | 
The operation of providing a smooth seat or bearing 
surface around a previously drilled hole for a washer 
or nut is called : 
(a) boring 

(c) counter-sinking 
(e) chamfering. 
Broken bolts and studs can be removed from hole by 
the following tool 
(a) Ezy-out 

(c) cold punch 

(e) emery rod. 
The operation of making a recess at the top of a 
drilled hole for a flat-head machine screw is called 
(a) boring (b) counter-sinking 

(c) micro-boring (d) reaming 

(e) spot-facing. 

A cutting tool used to make a recess at the top of a 


drilled hole for a flat head machine screw is known 
as 


(a) a core drill 
(c) areamer 
(e) a countersink tool. 


(b) counter-boring 
(d) spot-facing 


(b) screw driver 
(d) telescopic rod 


(b) a spade drill 
(d) an end mill 


Which of the following drilling machine is not 
equipped with power feeds ? 

(a) sensitive drill press 

(b) multiple-spindle drilling machine 

(c) radial drilling machine 

(d) gang drilling machine 

(e) none of the above. 


When a number of single spindle drilling machine 
columns are placed side by side on a common work 
table, the machine is known as 


(a) radial drilling machine 

(b) gang drilling machine 

(c) multiple-spindle drilling machine 
(d) universal drilling machine _ 

(e) pillar type drilling machine. 

The purpose of reaming is 

(a) for making a hole initially 

(b) to enlarge the diameter of the hole 
(c) to improve the finish of the hole 
(d) to achieve correct diameter 

(e) to correct location of hole. 


For reaming holes with sol 
mounted in 


(a) a rigid holder 


(c) a semi-rigid holder 
(e) universal holder. 


id reamers, reamer is 


(b)a floating holder 
(d) a collet 


921. 


922. 


923. 


924. 


925. 


926. 


927. 


928. 


929. 


930. 


931. 





Reamer is always held in 
(a) floating chuck 

(c) collet chuck 

(d) self and centering chuck 
(e) universal chuck. 


(b) mandre] 


Solid reamers do almost all their cuttin 
(a) flutes 

(b) bottom-most surface 

(c) 45° chamfered front end 

(d) all of the above (e) none of the weg 
The tool used to withdraw a drill from jt, M 
called Mej 
(a) allen key 

(c) taper key 

(e) none of the above. 


The depth of a drilled hole is measured from the wo 
surface to 


B With 


(b) drift 
(d) drill puller 


(a) the point made by the drill 


(b) the depth of the full diameter of the drill 


(c)a point midway between the point and fj 
diameter 


(d) all of the above (e) none of the above, 
The function of flutes of the reamer is to 

(a) cut the metal 

(b) guide the reamer 

(c) slightly improve the finish 

(d) (6) and (c) above 

(e) none of the above. 


When drilling cast iron, the following coolant shoul 
be used 


(a) kerosene 

(c) compressed air 
(e) none of the above. vi role ut 
For reaming purposes, the diameter of drill ho® the 


size of 25 mm should be made smaller si 
desired final size by 


(b) lard oil 3 
(d) water with soluble 0 


(a) 0.01 mm (b) 0.05 mm 
(c) 0.1 mm (d) 0.5 mm 
(e) 1.0 mm. 


ip 
. „a hol 
The cutting speed to be used 1n reaming spol! 


ep hole 
comparison to speed used in drilling that 
be 


(a) same (b) more spett 
(c) less (d) could be ? 
(e) as large as possible. J hole ig wl? 


The operation of threading a drille 
(a) lapping (b) reaming 


(c) broaching (d) tappi”g 
(e) threading. ds is° 
a 
A fluted tool used to cut internal sar 
(a) a tap (b) a chis? ill 
(c) a die (d) an €” re Í 
(e) spade drill. genet P 


i r J 
Hand-tapping is an operation for Zonet 
internal threads. The number of taP 

for hand tapping are 
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(a) 1 (b) 2 
(c) 3 (d) 4 
(e) depends on the diameter of the hole. 
39. For making a chamfer on the edge of a hole, the 

following operation is required 
(a) counter sinking 
(c) counter boring 
(e) wide drilling. 

933. The chips formed in making threads by plug tap 
(a) get out through grooves 
(b) get out along with lubricant 
(c) get out through flutes 
(d) cannot get out 
(e) none of the above. 

934. A tap drill 
(a) is a special type of drill 
(b)does drilling and 

simultaneously 





(b) spot facing 
(d) reaming 


tapping operations 


(c) is merely a convenient way to refer to the proper 
size drill to be used before using a tap 
(d) does not exist 
(e) none of the above. 
935. Nominal diameter of a bolt or screw is 
(a) larger than the actual diameter 
(b) smaller than the actual diameter 
(c) same as the actual diameter 


(d) depends on the range in which actual diameter 
falls 


(e) none of the above. 
936. Bottoming tap is used 
(a) for most of the threading applications 
(b) for threading in bottom surface 
(c) only for threading in blind holes 
(d) does not exists 
(e) none of the above. 


937. A tool used in cutting and external thread is called a 
(a) twist drill 


(b) tap 
(c) die (d) end mill 
(e) half nut. 
938. Following type of reamer is used for soft aluminium 
or copper 


(a) straight fluted 

(b) left hand spiral fluted 
(c) right hand spiral fluted 
(d) bottoming reamer (e) taper reamer. 

39. Following type of reamer is used for blind hole 
(a) straight fluted 

(b) left hand spiral fluted 

(c) right hand spiral fluted 

(d) bottoming reamer 

(e) taper reamer. 


© Screw threads may be cut on a 10 mm dia. steel rod 
by using | 
(a) a circular split die (b) a set of taps 


(c) a drill and areamer (d) as knurling tool 
(e) end mill. 


940 


941 


942. 


943. 


944. 


945. 


946. 


947. 


948. 


949. 





- Fluteless taps 

(a) are not round 

(6) form threads with no chips 

(c) both (a) and (b) (d) do not exist 

(e) none of the above. 

For setting the heads of socket-head cap screw flush 
or below the surface, following operation is required 
(a) counter boring (b) counter sinking 

(c) spot facing (d) reaming 

(e) wide drilling. 

For tapping purpose, drilling is done by a drill which 
cuts a hole 

(a) of outside diameter of thread 

(b) of inside diameter of thread 

(c) of effective diameter of thread 

(d) which leaves only about 60-75% of depth of 

triangle to be taken out by tap 

(e) none of the above. 

In down milling cutter teeth and workpiece move in 
(a) same direction 

(b) opposite direction 

(c) perpendicular direction 
(d) tool moves down and work move up 

(e) work move down and tool moves up. 
In which type of milling operation, the chip is cut off 


at thinnest place and the chip thickness increases 
along chip length 


(a) up milling (6) down milling 
(c) end milling (d) climb milling 
(e) keyway milling. 


In which type of milling maximum friction is caused 


(a) up milling (b) down milling 
(c) end milling (d) climb milling 
(e) keyway milling. 


In which milling operation, the cutting force tends 
to lift the workpiece 


(a) conventional 
(c) climb 
(e) form milling. 


(b) down 
(d) end 


Any number of equal divisions can be obtained on 
milling machine by 

(a) plain indexing 

(c) compound indexing 
(e) any one of the above. 


Listed below are some of the advantages of 
conventional (up) milling and some of the climb 
(down) milling 


(¿) Older machines having backlash in their 
leadscrew can be used 
(ii) Downward force helps keep work flat and thus 
very helpful for machining thin parts 


(iii) Chips are thrown away from the direction of the 
cutter’s travel 


(iv) On sand castings, cutter is not damaged 


(v) Better finish obtained on steel, but not on 
aluminium 


(b) simple indexing 
(d) differential indexing 
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950. 


951. 


; b 
sure on material is less, thereby 


(vi) Normal pres SANET terials. 


eous for work hard mi 
ea aaa of conventional aee 
(a) (i), (ii) and (iii) (b) (i), (ii) and (vi 
(c) (i), (iv), (v) (d) (ii), (v), (vi) 
(e) (iii), (iv), (v). 
The advantages of climb milling are 
(a) (ii), (iii), (v) (b) (ii), (iv), (vi) 
(c) Git); (v), (vt) (d) (i), (iv), (v) 
(e) (ii), (iii), (vi). 
Listed below are some of the disadvantages of 
coventional and some of the climb milling 
(i) Chips get picked up and carried around the 
cutter, thereby spoiling the finish 
(ii) Cutter force tends to lift the work off the table 
(iii) On steel, finish may be slightly rougher 
(tv) Machine must have zero backlash or there will 
be chatter as the cutter tries to pull the table 
faster than the feed rate. 


The disadvantages of climb milling are 


(a) (i) and (ii) (b) (i) and (iii) 
(c) (ii) and (iii) (d) (iit) and (iv) 
(e) (i) and (iv). 
952. The disadvantages of conventional milling are 
(a) (i) and (ii) (b) (i) and (iii) 
(c) (it) and (iii) (d) (iii) and (iv) 
(e) (i) and (iv). 
953. In finish grinding, the grinding ratio varies from 
(a) 1.0 to 5.0 (b) 5.0 to 10.0 
(c) 10.0 to 25.0 (d) 25.0 to 50.0 
(e) 50.0 to 100.0. 
954. Grinding operation is used for 
(a) removing material 
(b) shaping (c) dressing 
d) formin ishi 
( | g (e) finishing. 
955. Grinding wheel is balanced 
(a) at the time of manufacture 
(b) before grinding 
(c) after grinding Operation 
(d) frequently 
(e) none of the above or true. 
956. Which of the follow; 
Material ? WINE Processes would remove least 
re a (b) lapping 
Ing (d) super-finich; 
(e) buffing. Per-Anishing 
957. Which of the followi 
n 
performed at fiat perp tations Would be 
a Pheral speed 9 
(a) surface grinding 
(b) internal grinding 
(e) cylindrica] grinding 
(d) grinding with rubb 
e > 
bonded whee] shellac =e Tesinoid 
(e) snagging off hand i 
stinding with vit 
ii rifi 
958. The process of precision grinding of Sa ed whee] 


dust type abrasives is known as 


959. 


960. 


961. 


962. 


963. 


964. 


965. 


966. T 


967. 





(a) honing (b) buffing i : 
(c) superfinishing (d) lapping : 
(e) polishing. 

Majority of the grinding wheels use the follo, 

of bond "gt, 


(b) silicate 
(d) vitrified 


(a) resinoid 
(c) shellac 
(e) rubber. 
Workpiece is supported as follows in ¢ 
grinding 
(a) on magnetic chucks 
(b) in centre (e) in collet chuck 
(d) in universal chuck (e) none of the above 
Buffing is the operation of | 
(a) cleaning castings 
(b) depositing metal by spraying 
(c) broaching in reverse direction 
(d) producing luster on metal surface 
(e) preventing damage of metal by corrosion, 
The workpiece is advanced as follows in centreless 
grinding 
(a) manually by operator 
(6) automatically by machine drive 
(c) on its own 
(d) force exerted by regulating wheel 
(e) force exerted by grinding wheel. 
Grinding wheel is balanced frequently because of 
(a) high rpm (b) random wear 
(c) uneven wear (d) frequent glazing 
(e) high stresses. , 
For grinding steel and alloy steel, following maten : 
of wheel should be chosen 
(a) aluminium oxide 
(c) borazon 
(e) none of the above. a 
Pick up incorrect statement about centreless grindlte 
(a) it is suitable for long jobs drial 
(b) rate of production as compared to cylin 
grinding is low 
(c) Wear and tear of machine is less 
d) cost of production as compared to cylin 
8Tinding is less F 
(e) regulating wheel is usually rubber bonde is 
2e “-Sulating wheel in centreless 8" 
Usually 
(a) Smaller than grinding wheel 
) bigger than grinding wheel 
be of same size as grinding wheel 
Smaller than workpiece 


Entrel, | 


(b) silicon carbide 
(d) diamond 


gid 


(e) could be of any size. axi" 
In centreless grinding machine, the n avide 
ae adjustment of following order }§ 
a ul (b) 10° 

30° 
(e) 40°, (d) 
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969. 


971. 


972. 


973. 


974. 


975, 


976, 


977, 


978, 


G, INDUSTRIAL AND MAINTENACE ENGINEERING 


urface speed of the grinding wheel in centreless 
inding 1S 

15 to 60 m/mt 

(c) 500 to 1000 m/mt 

íe) 1500 to 1800 m/mt. 

The surface speed of regulating wheel in centreless 

grinding varies from 

(a) 10-15 m/mt 

(c) 60-120 m/mt 

(e) 240-500 m/mt. 


(6) 100 to 500 m/mt 
(d) 1000 to 1500 m/mt 


(6) 15-60 m/mt 
(d) 120-240 m/mt 


. Following grinding speed (surface metres per minute) 


is used for grinding plain carbon steels 

(a) 250-500 (6) 500-900 

(c) 1000-1500 (d) 1500-2000 

(e) 2000-3000. 

For very fine finishing and polishing of metals such 
as ball bearing races, following type of bond is used 


(a) vitrified (b) resinoid 
(c) shellac (d) silicate 
(e) rubber. 


Following operation needs to be performed to obtain 
surface finish of the order of 0.75 to 1.25 um 


(a) grinding (b) honing 
(c) buffing (d) lapping 
(e) burnishing. 


In centreless grinding operation, the regulating 
wheel rotates at 


(a) 1 to 15 m/mt 

(c) 60 to 100 m/mt 
(e) 180 to 250 m/mt. 
The sizes (diameter) of grinding wheel and regulating 
wheel in centreless grinding operation are 

(a) 100 mm, 50 mm (b) 200 mm, 100 mm 

(c) 300 mm, 150 mm (d 500 mm, 300 mm 

(e) 800 mm, 500 mm. 

The finish of a ground surface could be poor due to 
(a) low rpm (b) vibrations in machine 
(c) unbalanced wheel (d) using soft wheel 

(e) dulling of the abrasive grains. 

In centreless grinding operation, the regulating 
Wheel is inclined at 


(6) 25 to 60 m/mt 
(d) 100 to 180 m/mt 


(a) 0- ge (b) 9 — 12° 
(e) 12 — 15° (d) 15 — 20° 
(e) 20 — 25°, 


The hardness or softness of a grinding wheel is 
etermined by 
(a) hardness of abrasive (b) hardness of bond 
(e) wheel structure i 
(d) amount and kind of bonding material used 
e) abrasive grain size. 
Lapping, honing etc. are following type of machining 
Processes 
(a) high speed abrasive (b) low speed abrasive 
°) medium speed abrasive 
large material removal 
€} none of the above. 


979. 


980. 


981. 


982. 


983. 


984. 


985. 


986. 


987. 





For lapping operation, it is customary to leave only 

following amount of stock to be removed 

(a) 0.001 to 0.01 mm (b) 0.01 to 0.1 mm 

(c) 0.1 to 0.5 mm (d) 0.5 to 1.0 mm 

(e) none of the above. 

Honing operation 

(a) can be used to change the location of hole or 
correct a sloped condition of a hole 

(b) can’t be used for the application in (a) above 

(c) above application is possible under some 
circumstances 

(d) above application depends upon the size of hole 

(e) none of the above. 

For grinding cast iron, brass, aluminium, etc. use 

following material of wheel 

(a) aluminium oxide (b) silicon carbide 

(6) borazon (d) diamond 

(e) none of the above. 

Accuracy of measuring equipment is 

(a) the closeness with which a measurement can be 
read directly from a measuring instrument 

(6) a measure of how close the reading is to the true 
size 

(c)the difference between measured value and 
actual value 

(d) the smallest change in measurand that can be 
measured 

(e) the capability to indicate the same reading 
again and again for a given measurand. 

Pressure applied on workpiece in case of lapping 

operation is 

(a) 0.01 kg/cm? 

(c) 0.5 kg/cm? 

(e) none of the above. 

Buffing process is used 

(a) to achieve flatness (b) to achieve roundness 

(c) to improve surface finish 

(d) to obtain very smooth reflective surfaces 

(e) not used in workshops. | 

The following is the process used for producing fine 

surface finish 

(a) shot peening 

(c) broaching 

(e) swaging. 

Tumbling process 

(a) can be applied to any size, shape and material of 
workpiece 

(b) can be applied only to simple and uniform 
shaped workpieces 

(c) can be applied only to machine finished product 

(d) is not suitable for cast components 

(e) none of the above. 

Precision of measuring equipment is 

(a) the closeness with which a measurement can be 
read directly from a measuring instrument 

ure of how close the reading is to the true 
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(b) 0.1 kg/cm? 
(d) 1.0 kg/cm? 


(b) sintering 
(d) tumbling 


(b) a meas 
size 





988. 


989. 


990. 


991. 


992. 


993. 


994. 


995. 


996. 


(c) the difference between measured value and 


actual value 
(d) the smallest change in measuran 
measured 
(e) the capability to indicate the same rea 
again and again for a given measurand. 
Which of the following can be used to scribe lines 
parallel to the edges of a part ? 
(a) vernier calipers (b) screw gauge 
(c) divider (d) hermaphrodite caliper 
(e) combination set. 
Which of the following instruments is most accurate 
(a) vertical caliper 
(b) manometric screw gauge 
(c) optical projector 
(d) mechanical comparator 
(e) slip gauges. 
A surface gauge is used for 
(a) levelling the surface plate 
(b) checking the surface finish 
(c) laying out the work accurately 
(d) finding the depth of the surface 
(e) finding flatness of surfaces. 
A feeler gauge is used to check 
(a) radius (b) screw pitch 
(c) surface roughness (d) unsymmetrical shape 
(e) thickness of clearance. 
Work is usually required to be held in a vertical 
position for laying out. For this purpose, it is clamped 
to 
(a) surface plate 
(c) a V-block 
(e) engineer’s square. 
A hacksaw is specified by the following parameter of 
its blade 
(a) material (b) length 
(c) width (d) number of teeth 
(e) distance between two holes at extreme. 
Thin metal pieces can be cut by 
(a) using a blade with very fine teeth 
(b) placing several pieces together and cutting them 
at the same time 
(c) placing the metal between two pieces of wood 
and cutting through both metal and wood 
(d) all of the above (e) none of the above. 
The length of a hacksaw blade is measured 
(a) over toothed length 
(b) from one extreme to other 
(c) in between centres of 
V wa tha lesa cheat two holes at both the ends 
a o5 ceran multiples of the width of blade. 
f a a e blade of the saw from binding in the 
(a) reinforced (6) strengthened 
(c) twisted (d) set 
(e) tinned and sharpened. 


d that can be 


ding 


(b) an angle plate 
(d) a machine bed 


997. 


998. 


999. 


1000. 


1001. 


1002. 


1003. 


1004. 


1005. 


MECHANICAL EN 


When the file is pushed and pulle 





it is called across th 
(a) push-pull filing (b) Straight fy; 

(c) draw filing (d) all of th ling 
(e) none of the above. © above 
The thickness of light gauge sheet Stee] 
checked with a © can beh 


st 


(a) finely divided steel scale 

(b) depth gauge 

(c) hermaphrodite caliper 

(d) micrometer 

(e) thickness measuring machine fitteg y 
gauge. i 

Optical flats are made of 

(a) quartz 

(c) plastic 

(e) silicon. 

The least count of a metric vernier caliper hay; 

25 divisions on vernier scale, matching with 

divisions of main scale (1 m.s division = 05 mm) 


th dial 


(b) glass 
(d) steel 


i 


(a) 0.05 mm (b) 0.01 mm 
(c) 0.02 mm (d) 0.001 mm 
(e) 0.005 mm. 


The thread micrometer measures 

(a) the major diameter of the thread 

(b) the minor diameter of the thread 

(c) the effective diameter of the thread 

(d) the root diameter of the thread 

(e) all the diameters of the thread. 

An important precaution to be observed during 

filing operation is to 

(a) not rub finger over file 

(b) not rub finger over the work 

(c) apply equal pressure on file 

(d) properly support file (e) clean file frequently 

If a hole is to be tapped its size should be 

(a) equal to diameter of the desired thread 

(b) a few microns larger than the desired threads 

(c) a few microns smaller than the desired threads 

(d) any one of the above (e) none of the above: 

V-block is used in the workshop to check 

(a) roundness of a cylindrical work 

(6) surface roughness 

(c) dimensions of oval job 

(d) taper on a job 

Repeatability of measuring equip 

(a) the closeness with which a measur® 
be read directly from a measurin 5 a to the 

(b) a measure of how close the reading }§ 
true size 

(c) difference between meas 
value 

(d) the smallest change in measurand i 
measured 

(e) the capability to indicate 
again and again for a given 


(e) none of the above: 


ment 1S 
e 


yal 
ured value and act 


the same ! ean 


| 
hat c2” 
yand. | 


meas! 
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pe g, The taper of internal dovetail can be me 
100 d the help of 
(a) sine bar (b) combination set 
(c) balls of standard dimensions and slip gauges 
(d) clinometer (e) dial gauge, 
1007. External taper can be accurately me 
the help of 
(a) sine bar and slip gauges 
(b) dividing head 
(c) precision balls and height gauge 
(d) combination set 
1008. A sine bar is specified by 
(a) its total length 
(b) the centre distance between the two rollers 
(c) the size of the rollers 
(d) the distance between rollers 
(e) weight of sine bar. 
1009. Profile of a gear tooth can be checked by 
(a) sine bar 
(c) optical pyrometer 
(e) slip gauges. 
1010. Gear tooth caliper is used to find the chordal 
thickness of following type of gear tooth 
(a) spur gears 
(c) worm gears 
(e) any type of gear. 
1011. All the thread characteristics can be measured 
precisely with 
(a) screw pitch gauge 
(b) micrometer with V anvil 
(c) tool room microscope (d) thread gauge 
(e) thread measuring machine. 
1012. The advantage of vernier caliper over micrometer 
is that it 
(a) is easier and quicker to use 
(b) is more accurate 
(c) can be used to make both inside and outside 
measurements over a range of sizes 
(d) all of the above (e) none of the above. 
1013. The combination set can be used to 
(a) check angular surfaces 
(b) draw circles and arcs 
(c) scribe lines 
(e) none of the above. 
Before drilling at a point, it should be ensured that 
(a) punch mark has been made at the point 
(b) position of point has been marked by two 
intersecting lines 
(c) centre drill has been used at the point 
(d) diameters have been located 
(e) surface is flat. 
In layout work, a pencil should not be used to draw 
nes on metal because 
(a) it will wipe off easily | 
(b) the line will be too wide for accurate work 
(c) the lines will smudge and be difficult to see 


asured with 


asured with 


(e) clinometer, 


and upper surface 


(b) bench micrometer 
(d) optical projector 


(b) helical gears 
(d) bevel gears 


(d) all of the above 
1014, 


1015 





943 





(d) the lines do rem 
rubbing 
(e) all of the above. 
1016. Surface plate is usuall 
because it provides 
(a) non wearing plate 
(c) easy to cast plate 


(d) lubrication due to graphite flakes 
(e) stable plate, 


ain on metal even after good 


y made of grey cast iron 


(b) very hard plate 


1017. Constant measuring pressure in micrometer screw 
gauges is ensured by 


(a) locknut 
(c) spindle 
(e) ratchet. 


1018. Optical gauge work on the principle of 
(a) refraction (6) reflection 
(c) dispersion (d) polarisation 
(e) interference of light rays. 
1019. Millimeter scale in a micrometer is marked on 
(a) barrel (b) thimble 
(c) spindle (d) anvil 
(e) ratchet. 
1020. Circular scale of the micrometer is marked on 
(a) anvil (6) barrel 
(c) ratchet (d) thimble 
(e) spindle. 
1021. The following type of gauge has gauging sections 
combined on one end 
(a) combination gauge (b) limit gauge 
(c) Go and No Go gauge (d) fixed gauge 
(e) progressive gauge. 
1022. Gear tooth vernier is used to measure 
(a) circular pitch (6) depth of tooth 
(c) tooth thickness 
(d) addendum and dedendum 
(e) pitch line thickness of tooth. 
1023. Error of measuring equipment is 
(a) the closeness with which a measurement can 
be read directly from a measuring instrument 
(b) a measure of how close the reading is to the 
true size 
(c) the difference between measured value and 
actual value 
(d) the smallest change in measurand that can be 
measured 
(e) the capability to indicate the same reading 
again and again for a given measurand 
1024. The two slip gauges in precision measurement are 
joined by 
(a) assembling 
(c) adhesion 
(e) slipping. | 
yauges are used to ; 
= AnS the diameter of the workpieces he 
(b) measure the diameter of the holes in 


workpieces 


(6) barrel and thimble 
(d) spanner 


(6) sliding 
(d) wringing 
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1026. 


1027. 


1028. 


1029. 


1030. 


1031. 


1032. 


1033. 


1034. 


(c) check the diameter of the holes in the 


workpieces . 
(d) check the length of the holes in the workpieces 
(e) check the outside diameter of workpieces. 

The term “allowance” in limits and fits is usually 
referred to 

(a) minimum clearance between shaft and hole 
(b) maximum clearance between shaft and hole 
(c) difference of tolerances of hole and shaft 


(d) difference between maximum size. and 
minimum size of the hole 
(e) difference between maximum size and 


minimum size of the shaft. 

Sensitivity of measuring equipment is 

(a) the closeness with which a measurement can 
be read directly from a measuring instrument 

(6) a measure of how close the reading is to the 
true size 

(c) the difference between measured value and 
actual value 

(d) the smallest change in measurand that can be 
measured 

(e) the capability to indicate the same reading 
again and again for a given measurand 


Expressing a dimension as 25.3* 9. mm is the case 
of 


(a) unilateral tolerance 
(c) limiting dimensions 
(e) none of the above. 


(6) bilateral tolerance 
(d) all of the above 


Surface roughness on a drawing is represented by 
(a) triangles (b) circles 

(c) squares (d) rectangles 

(e) none of the above. 

No. of taps generally used in tapping by hand is 


(a) one (b) two 

(c) three (d) four 

(e)more than three depending on the finish 
desired. 


i i ; 32.5 i 
Expressing a dimension as —— mm is the case of 


(a) unilateral tolerance (b) bilateral tolerance 
(c) limiting dimension (d) all of the above 

(e) none of the above. 

A bore of 14.67 mm in a workpiece can be measured 
by 

(a) steel rule 

(c) pneumatic gauge 
(e) plug gauge. 
Ceramic tool inserts are fixed to tool hold 
following process 

(a) brazing 

(c) welding 

(e) casting. 
Sintering is used for 
(a) fixing tool inserts on tool holders 
(b) manufacturing cutting tools 


(b) vernier caliper 
(d) micrometer 
er by 


(b) soldering 
(d) clamping 


1035. 


1036. 


1037. 


1038. 


1039. 


1040. 


1041. 


1042. 


1043. 


1044. 





MECHANICAL 
(c) heating the powdered met 
point 
(d) manufacturing powdered meta] 
(e) casting. 


al below N E- 
i E 
Mel. 


à. 


In banking operation, the force i 

upon Punch dey, 
(a) sheet thickness (b) clearane i 
(c) diameter of punch  (d)al j sy 

(e) none of the above. above 


Wire is fabricated by the follow 
(a) drawing 

(c) piercing 

(e) none of the above. 
In equation VT” = C, value of n depends R: 
(a) material of workpiece (b) material of to] 
(c) condition of machine (d) working con 
(e) constant. 

With continuous chip cutting, maximum heat i 
taken by 
(a) chip 
(c) job 
(d) depends on velocity of cutting 

(e) none of the above. 

Shear angle is the angle between 

(a) shear plane and tool face 

(b) shear plane and job surface 

(c) shear plane and horizontal 

(d) shear plane and vertical 

(e) none of the above. 

The diameter of a finish turned shaft can best b 
checked with a 

(a) combination set 
(c) height gauge 
(d) micrometer screw gauge 
(e) dial indicator. 


ing PTOCesgg 
(b) extrusion 


(d) rolling 


dition: 


(b) tool 


(b) slip gauges 


One micron is equal to 
(a) 1 mm (b) 0.1 mm 
(c) 0.01 mm (d) 0.001 mm 


(e) 0.0001 mm. 

Accurate centring of work mount 
independent chuck can be determined b 
(a) centre gauge (b) height gaug” 
(c) dial indicator (d) surface gaë 
(e) micrometer. 

Which of the following is not the 
device ? 

(a) angle plate 
(c) bevel protector i 
(e) combination square. drill wit. 
To check the diameter of a twist raken 
micrometer, the measurement mus ue 

the 

(a) margins of the drill 
(c) cutting edges of the drill 
(d) lips of the drill 

(e) web of the drill. 


ed in ” 
y using’ 


yi 
angle meas 


(b) sine bat 
(d) angle gaug? 


i 
flutes of the“ 


2 
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1045. 


1046. 


1047. 


1048. 


1049. 


1050. 


1051, 


1052, 


1053 





-A 


Expressing a dimension as 18.3999 mm is the case 
of 

(a) unilateral tolerance 
(c) limiting dimensions 
(e) none of the above. 
Commonly used units of feed in drillin 
are 

(a) mm 

(c) mm/sec. 
(e) mm/hr. 
Annealing is done by cooling in 
(a) air 

(c) water 

(e) none of the above. 
The helical groove in drill is used 
(a) to dispose chip 

(b) to admit cutting fluid 

(c) to save materia] 

(d) to present sharp cutting edges 
(e) none of the above. 


The quickest type of chuck for centring operation 
is 


(a) three jaw 
(c) pneumatic 
(e) none of the above. 


Metal in electro-chemic 
removed by 


(a) abrasion and shear 

(b) electro-chemical decomposition 
(c) rusting and melting 

(d) electro-chemica 
(e) ionisation and 


(b) bilateral tolerance 
(d) all of the above 


§ Operation 


(b) mm/rey. 
(d) mm/mt. 


(6) furnace 
(d) brine 


(b) four jaw 
(d) magnetic 


al grinding operation is 


l decomposition and abrasion 

abrasion. 

The metal in electro-che 

1S removed by 

(a) ionisation and shearing 

(b) transfer of electrons 

(c) chemical action and abrasion 

(d) migration of ions towards the tool 

(e) electric discharge in strong solutions. 

In electro-discharge machining process 

(a) very high voltage of the order of kilovolts is 
applied across electrodes 


current of the order 10,000 amps is passed 
through the work 

c) continuous s 
Produced 

(d) upto around 250,0 

Produced 

e) metal is 


mical machining process 


parks to erode the metal are 


00 sparks per second are 


removed at very fast rate. 


complicated contour is to be made exactly in a 
Carbide piece. Which process will be used ? 
(a) laser machining 
(b) electro-chemical milling 
c) ultrasonic machining 
d) electro-discharge machining 
(e) Plasma-arc machining. 


1054, 


1055. 


1056. 


1057. 


1058. 


1059. 


1060. 


1061. 


1062. 


1063. 


1064. 


945 





The instruction on 
Prepared in the form 
(a) numeric 


(c) binary numbers 
(e) coded form. 


NC machine tool is operated by 
(a) feedback system 

(b) output-input modules 

(c) a series of coded instructions 
(d) digitising 

(e) numerical controls. 

A combination of individual 
sequentially and pro 
locked is known as 
(a) production line 

(b) numerically controlled machine 
(c) machining centre 

(d) transfer machine 

(e) automat. 


the tape of NC machine is 
of following system 

(b) alpha-numeric 

(d) binary coded decimal 


machine tools arranged 
perly integrated and inter- 


Dielectric is a must in 
(a) EDM process 

(c) ultrasonic machining 
(e) laser machining. 

In EDM process, the wor 
(a) positive 

(c) earth 

(e) none of the above. 
Reproduction of shar 
(a) ECM 

(c) laser 

(e) none of the above. 
Broaching operation is frequently used in 
automobile industry because 

(a) it is an automatic machine 
(b) it is a mass production machine 

(c) semi-skilled operators can be employed 
(d) operation is completed in one stroke 


(e) high degree of finish 
achieved. 


(6) ECM process 
(d) ion beam machining 


k-piece is connected to 
(b) negative 


(d) any one of the above 


P corners is the limitation of 
(6) EDM 
(d) plasma 


and close tolerances are 


Very large speed ranges are required for 
(a) shaping machines 

(c) semi-automatic and a 
(d) grinding machines 
For same tool life, maxim 
is removed by increasing 
(a) cutting speed 

(c) depth of cut 

(e) clearance angle. 

The phenomenon of stick-s]j 
when the sliding speed is 
(a) zero 

(c) high 

(d) equal to the cutting speed 
(e) at all the speeds. 


The trade name given to a non-ferrous cast alloy 
composed of cobalt, chromium and tungsten is 


(6) planning machines 
utomatic turrets 


(e) drilling machines. 
um material per minute 


(b) feed 
(d) tool hardness 


p is more predominant 


(b) low 
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(a) satellite (b) HSS | 
(c) boron carbide (d) ceramic 
(e) alnico. 


1065. An important disadvantage of broaching process 18 
(a) the broaching tools are always longer in length 
(b) only simple shapes can be obtained 
(c) the return stroke is always idle 
(d) the process is suitable only for high volume 
production 
(e) all of the above. 


1066. Broaching tools are usually made of 
(a) high carbon steel 
(6) high speed steel (H.S.S.) 
(c) ceramics 
(d) tungsten carbide 
(e) stellite. 
1067. The front teeth of a broach 
(a) remove no metal 
(6) remove maximum metal 
(c) remove minimum metal 
(d) perform the burnishing operation 
(e) guide the broach. 
1068. For proper broaching operation at least following 
number of teeth should be in the work at a time 
(a) 2 (b) 2 
(c) 3 (d) 4 
(e) more than four. 
1069. A gear has to be subjected to shock and vibration. 
Following type should be selected 
(a) gear with full depth teeth 
(b) hybrid gears (c) bevel gears 
(d) gear with stub teeth (e) hardened gears. 


1070. Thin gears from sheet metal can be produced 
commercially by 


(a) gear hobbing 
(c) extruding 
(e) stamping. 


(b) gear shaping 
(d) machining 


1071. Which of the following is gear finishing process ? 
(a) gear shaving (6) gear hobbing 
(c) gear shaping (d) gear milling 
(e) gear extrusion. 


1072. Which of the following is not a production process 


for gears ? 

(a) milling (b) stamping 
(c) hot rolling (d) extruding 
(e) broaching. 


1073. Hobbing process is not suitable for cuttin 
type of gear 
(a) spur 
(c) worm 
(e) all of the above. 
1074. Formed milling o 
used for cutting 
(a) spur 
(c) worm 
(e) all of the above. 


g following 


(6) helical 
(d) bevel 


peration of cutting gears can be 
following type of gears 

(b) bevel 

(d) helical 


1075. Gear forming operation can be Perform 
i me ed h 
(a) shaping (b) milling y 
(c) broaching (d) any one of th 
(e) none of the above. € aby 
1076. Gear hobbing process is faster than millin 
(a) indexing time is less B beca, 
(b) hob rotates faster 
(c) work rotates faster 
(d) plenty of lubricant is supplied in hob 
enabling faster operation bing 
(e) several teeth cut at a time. 
1077. Gear cutting with a hob does not involve h 
following motions : 
(a) indexing of the work (b) rotation of hob 
(c) rotation of blank (d) radial feed of hob 
(e) all of the above. 
1078. Gear shaper can be used to cut following type ¢ 
gear 
(a) internal (b) external 
(c) non conventional (d) accurate 
(e) all of the above. 
1079. 


1080. 


1081. 


1082. 


1083. 


1084. 


1085. 
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Milling method for gear cutting finds applications 
when following type of gears are to be cut 

(a) external (b) internal 

(c) helical (d) considerable variety 
(e) accurate. 

Which of the following can hold the work, locate 
the work and guide the drill at the desired position? 


(a) drill bush (b) drill fixture 
(c) metal locator (d) drill jig 
(e) V-block. 


The purpose of tumbling is to 

(a) clean the surface of small parts 
(b) coat the surface (c) grind the surface 
(d) stress relieve the surface 

(e) increase fatigue resistance of surface. Ji 
Typical locating devices for cylindrical job ue 
jigs and fixture are 
(a) drill jigs 

(c) mandrels 

(e) metal pins. l 
The important property to be consider? 
selection of a suitable mater" 1 jig pus 
manufacturing of locating pins an n 
used in jigs and fixtures is 
(a) shear strength (b) tensile stent 
(c) elasticity (d) wear resi? 

(e) resilience. . hett 
Tool life in the case of a grinding whee. ipe whe? : 
(a) between two successive regrinds ° 
(b) taken for the wheel to be balanced 
(c) taken between two successive W S nete ‘ 
(d) taken for a wear of 1 mm on Ne ‘3 sip 
For achieving a specific surface finish 1? 


be co” 
turning the most important factor to 
is 


(b) V-blocks 
(d) angle plates 


. the 
1D 
d she 
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1086. 


1087. 


1088. 


1089. 


1090. 


1091. 


1092. 


109 


109 


(a) depth of cut (b) cutting speed 

(c) feed (d) tool rake angle 
In ASA System, if the tool nomenclature is 8-6-5-5- 
10-15-2-mm, then the side rake angle will be 
(a) 5° (b) 6° 

(c) 8° (d) 10° 
It is required to cut screw threads of 2 
a lathe. The lead screw has a pitch of 
spindle speed is 60 rpm, then the spe 
screw will be 

(a) 10 rpm (6) 20 rpm 
(c) 120 rpm (d) 180 rpm 
In sheet metal work, the cuttin 
can be reduced by 

(a) grinding the cutting edges sharp 
(b) increasing the hardness of tool 
(c) providing shear angle on tool 
(d) increasing the hardness of die 
In order to get uniform thicknes 
rolling process, one provides 

(a) camber on the rolls (b) offset on the rolls 
(c) hardening of the rolls 

(d) antifriction bearings. 


mm pitch on 
6 mm. If the 
ed of the lead 


g force on the tool 


S of the plate by 


Which one of the following manufacturing processes 
requires the provision of ‘gutters’ ? 
(a) Closed die forging 


(b) Centrifugal casting 
(c) Investment casting 


(d) Impact extrusion 
When supported on three points, out of the 12 
degrees of freedom the number of degrees of freedom 
arrested in a body is 
(a) 3 (b) 4 
(c) 5 (d)6 
A standard dividing head is equipped with the 
following index plates 

1. Plate with 15, 16, 17, 18, 19, 20 holes circles 

2. Plate with 21, 23, 27, 29, 31, 33, holes cifles 

3. Plate with 37, 39, 41, 43, 47, 49 holes circles 
For obtaining 24 divisions on a work piece by simple 
indexing 

(a) hole plate 2 alone can be used 

(b) hole plates 1 and 2 can be used 

(c) hole plates 1 and 3 can be used 

(d) any of the three hole plates can be used. 

‘Ina Single point turning operation with a cemented 
carbide and steel combination having a Taylor 
exponent of 0.25, if the cutting speed is halved, then 
the tool life will become . 

(a) half (b) two times 
(c) eight times (d) sixteen times. 
- Consider the following tool materials : 
1. Carbide 2. Cernet 
3. Ceramic 4, Borazon | | 
Correct sequence of these tool materials in Solana 
order of their ability to retain their hot hardness 
(a) 1,2,3,4 (b) 1, 2, 4,3 
(c) 2. 1,3,4 (d) 2, 1, 4, 3. 


1095. 


1096, 


1097. 


1098. 


1099. 


1100. 


1101. 


1102. 


1103. 


The ratio of thrust force to c 


sr utting force is Nearly 
(a) turning (6) broaching 

(c) grinding (d) plain milling, 

Which one of the followin 


8 operations is carried out 
g velocity if the machines 
he tool work materials are 


at the minimum cuttin 
are equally rigid and t 


the same ? 
(a) Turning (6) Grinding 
(c) Boring (d) Milling 


Match List I with List II and select the correct 
answer using the codes given below the Lists : 


List I List II 

(Metal forming (A similar process) 
process) 
A. Blanking 1. Wire drawing 
B. Coining 2. Piercing 
C. Extrusion 3. Embossing 
D. Cup drawing 4. Rolling 
5. Bending 

Codes: A B E D 
(a) D 3 4 1 
(b) 2 3 1 4 
(c) 3 2 1 5 
(d) 2 3 1 5 


Which one of the following welding processes uses 
non-consumable electrodes ? 


(a) TIG welding (6) MIG welding 

(c) Manual arc welding 

(d) Submerged arc welding. 

In sheet metal blanking, shear is provided on 
punches and dies so that 

(a) press load is reduced 

(b) good cut edge is obtained 

(c) warping of sheet is minimised 

(d) cut blanks are straight. 

For obtaining a cup of diameter 25 mm and height 


15 mm by drawing, the size of the round blank 
should be approximately 


(a) 42 mm (b) 44 mm 
(c) 46 mm (d) 48 mm. 
The ratio between two consecutive spindle speeds 
for a six-speed drilling machine using drills of dia- 
meter 6.25 to 25 mm size and at a cutting velocity 
of 18 m/min is 
(a) 1.02 

(c) 1.62 
Killed steels NPS 

ip ; g 
) have minimum impurity 
os have almost zero percentage of phosphorus and 
sulphur 

(c) are produced by LD process 

d) are free from oxygen. oi 
s angle between the face and = flank o 
single point cutting tool is known a 


(b) 1.32 
(d) 1.82 
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(c) decrease in the effective rake ap 





(a) rake angle (b) clearance an gle increase in the effective Clearance bte and i 
(c) lip angle (d) point angle. (d) decrease in both effective rank ia 
1104. Single point thread cutting tool should ideally have effective clearance angle. ngle an 
(a) zero rake (b) positive rake 1113. In a milling operation two side millin čni 
(c) negative rake (d) normal rake. | mounted with a desired distance between a ar 
1105. The straight grades of cemented carbide cutting tool that both sides of a work piece cap y hen 
materials contain simultaneously. Milley 
(a) tungsten carbide only . This set up is called 
(b) tungsten carbide and titanium carbide (a) gang milling (b) straddle milliy 
(c) tungsten carbide and cobalt 7 (c) string millling (d) side milling 8 
od a ai carhida atie eke t 1114. Match List I with List II and select the a 
1106. Match List I with List II and select the correc answering the codes given below the lists. TTect 
answer using the codes given below the lists : Lict I mani 
List I List II rodai i utal 
(Wear type) (Associated mechanism) E on ile piat ksa of manufactur) 
A. Abrasive wear 1. Galvanic action p . ast = pis fe iain die-casting 
B. Adhesive wear 2. Ploughing action = cans aus a 
C. Electrolytic wear 3. Molecular transfer B. Engi a crankshaft in 2. Gravity die-casting 
D. Diffusion wear 4. Plastic deformation spheroidal graphite 
5. Metallic bond. JENIN; 
Codes: A B C D C. Carburettor housing 3. Sand casting. 
(a) 2 5 1 3 in aluminium alloy 
(b 5 D. Cast titanium blades. 4. Precision investment 
) 2 1 3 
(c) 2 1 3 4 casting. 
(d) 5 2 3 4 5. Shell moulding. 
1107. Crater wear is predominant in Codes: A B C D 
(a) carbon steel tools (a) 2 3 1 5 
(b) tungsten carbide tools (b) 3 2 1 5 
(c) high speed steel tools (d) ceramic tools. (c) 2 l 3 4 
1108. Consider the following work materials : (d) 4 1 2 3 ) 
; er a 2. Mild steel 1115. Which one of the following materials will rea 
. Stainless steel 4. Grey cast iron. the largest size of riser for the same size of casting ' 
The correct sequence of these materials in terms of (a) Aluminium (b) Cast iron 
increasing order of difficulty in machining is (c) Steel (d) Copper. 
(a) 4, 2, 3, 1 (b) 4, 2, 1,3 1116. Directi ings can 
(243.1 » 4, l, - Directional solidification in castings 
rag. Site isis: (d) 2,4, 1, 3. improved by using 
. primary tool force used in calculating the total (a) chills and chaplets 
aaie in machining is the (6) chills and padding 
a) radial force 
oe oo ) chapleta and pang 
1110. In the grindin oe chills, chaplets and padding. is 
g wheel of ke 
for el of A 60 G 7 B 23, B stands | 1117. In a mechanical shaper, the length of *™ 
(a) resinoid bond increased by p 
(b) rub . . ar 3 
(c) shellac bond (d) rece (a) increasing the centre distance of bull 8° 
| 1111. Soft materials cannot be economi ii crank pin. 11 ge4 ap 
tö mically ground due (b) decreasing the centre distance of bu 
(a) the high temperatures i crank pin. 
e ; 
(b) frequent wheel dme (c) increasing the length of the ra™ e ott 
S rapid wheel wear (d) a the length of the slot in 
) low work piece stiff, ever. fv 
ness. th? 
1112. The effects of setting a i . SARH; Notch wear at the outside edge of the dep : 
height leads to a/an ring tool above centre is due to a ci 
(a) increase in the effective (a) abrasive action of the work parde 
y ; decrease in the effective a Aides angle and a material. 
(b) ee in both effectiy arance angle, (b) oxidation 
A eltective clearance angle. e rake angle and (e) slip-stick action of the chip 
| (d) chipping. a 
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1119. 


1120. 


1121. 


1122. 


1123, 


1124, 


l125, 


Small amounts of which one of the followin 

elements/pairs of elements is added to steel i 

increase its machinability ? 

(a) Nickel 

(b) Sulphur and phosphorus 

(c) Silicon 

(d) Manganese and copper. 

Specific energy requirements in a grinding process 

are more than those in turning for the same metal 

removal rate because of the 

(a) specific pressures between wheel and work 
being high. 

(b) size effect of the lar 
wheel and work. 

(c) high cutting velocities 


(d) high heat produced during grinding. 

Grinding wheel is said to b 

(a) metal particles get e 
surface blocking th 
cutting grains. 

(b) bonding material com 
wheel becomes blunt. 

(c) work piece being ground comes to a stop in 
cylindrical grinding. 

(d) grinding wheel sto 
depth of cut 


Match List I with List II and select the correct 
answer. 


ser constact areas between 


e loaded when the 
mbedded in the wheel 
e interspaces between 


es on the surface and the 


ps because of very large 


List I List II 
(Metal forming (Associated force) 
process) 


A. Wire drawing 


1. Shear force. 
B. Extrusion 


2. Tensile force. 


C. Blanking 3. Compressive force. 
D. Bending 4. Spring back force. 
Codes: A B C D 
(a) 4 2 1 3 
(b) 2 1 3 4 
(c) 2 3 1 4 
(d) 4 3 2 1 


Misrun is a casting defect which occurs due to 
(a) very high pouring temperature of the metal. 
(b) insufficient fluidity of the molten metal. 
(c) absorption of gases by the liquid metal. 
(d) improper alignment of the mould flasks. 
Consider the following elements : 
l. Nose radius 2. Cutting speed 
3. Depth of cut 4, Feed | 
The Correct sequence of these elements In 
©creasing order of their influence on tool life is 
(a) 2,4,3,1 (b) 4, 2,3, 1 
(c) 2,4,1,3 (d) 4,2,1,3 
e rake angle in a twist drill 
7) varies from maximum near the dead centre to a 
maximum value at the periphery. 


1126. 


1127. 


1128. 


1129. 


1130. 


1131. 





(b) is maximum at the dea 
periphery., 


(e) is constant at every point of the cutting edge. 
(d) is a function of the size of the chisel 
Which one of the fo 
tool wear ? 


d centre and zero at the 


edge. 
llowing processes does not cause 


(a) Ultrasonic machining 

(b) Electrochemical machining 

(e) Electric discharge machining 

(d) Anode mechanica] machining. 

Match List-I (Type of drill) with List-II (Application) 


and select the correct answer u 
below the Lists : 


List-I 
A. Straight shank 
B. Taper shank 
C. Single flute 
D. High helix 


sing the codes given 


List- 
1. Soft materials 
2. Deep holes 
3. General purpose 
4. Small hole diameter 


Codes: A B C D 
(a) 3 4 1 2 
(b) 3 4 2 1 
(c) 4 3 2 1 
(d) 4 3 1 2 


Which one of the following materials is used as the 
bonding material for grinding wheels ? 
(a) Silicon carbide 


(b) Sodium silicate 
(c) Boron carbide 


(d) Aluminium oxide. 

Match List-I (Gear component) with List-I] 
(Preferred method of manufacturing) and select the 
correct answer using the codes given below the 


Lists : 

List-I List-II 
A. Gear for clocks 1. Hobbing 
B. Bakelite gears 2. Stamping 


C. Aluminium gears 
D. Automobile trans- 
mission gears 


3. Powder compacting 
4. Sand casting 


5. Extrusion 
Codes: A 


B C D 
(a) 2 3 5 1 
(b) 5 3 4 2 
(c) 5 1 2 3 
(d) 2 4 5 3 


Consider the following statements : 
MIG welding process uses 
1. consumable electrode. 
2. non-consumable electrode 
3. D.C. power supply 
4. A.C. power supply. 
Of these statements : 
(a) 2 and 4 are correct (b) 2 and 3 are correct 
(c) 1 and 4 are correct (d) 1 and 3 are correct 


i l of radius 2 mm 
A spherical drop of molten meta dit 
was found to solidify in 10 seconds. A similar drop 
of radius 4 mm would solidify in 


ya 
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(b) 20 seconds 
(d) 40 seconds 
the approximate ratio 
hip, tool and work, in 


(a) 14.14 seconds 
(c) 28.30 seconds 


1132. In metal cutting operation, 
of heat distributed among ¢ 


that order is 


(a) 80:10:10 (b) 33 : 33 : 33 
(c) 20:60:10 (d) 10: 10: 80. 
ss) with List-Il 


1133. Match List-I (Machining proce 
(Associated medium) and select the correct a 
using the codes given below the lists : 

List-I List-II 
A. Ultrasonic machining 1. Kerosene 
2. Abrasive slurry 


nswer 





Bae 
eA A. 
A ie EK 
h ro AE 
T E ee 
CN, SX 
aes 
j ee 
oer 
oe: 
A 


(c) 4 1 2 4 
(d) 4 3 2 l 
One of the pins in a dual pin locator of a ji 
is shaped as a “diamond pin locator” alas itu, 
(a) diamond pin does not wear fast use 
(b) it is easy to clamp 
(c) any variation between the centres of th 
is taken care of e holy 
(d) it will be easy to machine afterwards wh 
locator is worn out 
1135. A hole is to be punched in a 15 mm thick 
having an ultimate shear strength of 3 Na 
the allowable crushing stress in the nd 
6 N-mm~2, the diameter of the smallest hole wh is 
can be punched is equal to ch 
(a) 15 mm (b) 30 mm 
(c) 60 mm (d) 120 mm 


1134. 


En the ) 


B. EDM 

C. ECM 3. Vacuum 

D. EBM 4. Salt solution 
Codes: A B C D 

(a) 2 4 1 

(b) 2 4 





1. (b) 
9. (e) 
17. (d) 
25. (e) 
33. (d) 
41. (a) 
49. (a) 
57. (b) 
65. (c) 
73. (a) 
81. (d) 
89. (e) 
97. (c) 
105. (e) 
113. (c) 
121. (e) 
129. (c) 
137. (d) 
145. (d) 
153. (b) 
161. (c) 
169. (b) 
177. (c) 
185. (b) 
193. (c) 
201. (b) 
209. (b) 
217. (a) 
225. (d) 
233. (d) 
241. (b) 
249. (e) 
257. (e) 


3. (a) 
11. (c) 
19. (a) 
27. (a) 
35. (a) 
43. (e) 
51. (a) 
59. (e) 
67. (d) 
75. (b) 
83. (b) 
91. (a) 
99. (c) 

107. (b) 
115. (d) 
123. (d) 
131. (c) 
139. (a) 
147. (a) 
155. (a) 
163. (b) 
171. (b) 
179. (c) 
187. (b) 
195. (d) 
203. (a) 
211. (b) 
219. (d) 
227. (d) 
235. (c) 
243. (c) 
251. (c) 
259. (c) 


5. (c) 6. (c) 7. (d) 8. (b) 
13. (e) 14. (a) 15. (a) 16. (b) 
21. (e) 22. (b) 23. (d) 24, (c) 
29. (a) 30. (a) 31. (e) 32. (d) 
37. (a) 38. (c) 39. (c) 40. (c) 
45. (a) 46. (c) 47. (c) 48. (c) 
53. (b) 54. (e) 55. (d) 56. (a) 
61. (b) 62. (c) 63. (d) 64. (e) 
69. (d) 70. (b) 71. (e) 72. (b) 
77. (b) 78. (a) 79. (a) 80. (a) 
85. (d) 86. (c) 87. (c) 88. (c) 

b (e) 94. (e) 95. (a) 96. (c) 
101. (b) 102. (a) 103. (b) 104. (b) 
= (e) 110. (b) 111. (c) 112. (e) 
ki (c) 118. (a) 119. (a) 120. (c) 
_ (d) 126. (e) 127. (e) 128. (b) 
a (c) 134. (a) 135. (a) 136. (d) 
a (e) 142. (e) 143. (a) 144. ©) 
= (b) 150. (c) 151. (d) 152. (6) 
ak . (d) 158. (c) 159. (a) 160. (c) 
n (b) 166. (c) 167. (a) 168. (6) 
a (b) 174. (c) 175. (d) 176. b) 
a (d) 182. (c) 183. (c) 184. (c) 
197. si 190. (e) 191. (c) 192.) 
7. (c) 198. (d) 19 200. (3) 
205. (b) 9. (c) ) 
a 206. (c) 207. (b) 208. 
. (b) 214. (d) 21 216. b) 
221. (d) 5. (c) ) 
222. (b) 2 224. C 
229. (e) 23. (c) b) 
230. (b) 232. ( 
are 231. (d) 
238. (a) 240.0 
245. (d) 239. (a) ) 
246. (a) 248. ( 
253. (a) 247. (e) ) 
254. (c) 256. ¢ 
2. (b) 263. (a) 20" 
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wwe NG, INDUSTRIAL AND MAINTENACE ENGINEERING ee 
| 266. (a) 267. (c) 


65. (d) 268. (c) 
aa e 283. (a) 284. (a) 285. H canes e N 
gð «280 (0) 291. (b) 292. (c) 293. ) 286. (e) 287. (a) 288. (b) 
a97.) 298. ©) 299. (c) 300. (d) sii. ni 294. (d) 295. (a) 296. (c) 
05.(d) 306. (d) 307. (a) 308. (e) 309. “ 302. (c) 303. (c) 304. (a) 
E git) 814.) 315. (a) 316. (a) 317. j 310. (a) 311. (b) 312. (b) 
04.6) 322) 323. (a) 324. (0) sl cau a oe 
399,(d) 330. (b) 331. (d) 332. (e) 33 M Sato) 327. (c) 328. (d) 
TAD 338. (d) ea od = (d) 334. (d) 335. (c) 336.(c) 
345,(c) 346.(b) 347. (d) 348. (d) 349. A ep sai chain 
~ 353.(d) 354. (e) 355. (b) 356. (a) a ea ear avrg be 
| 361.(d) 362. (c) 363. (e) 364. (b) 365. “ ee moar skeet 
© 369d) 370. (c) 371. (b) 372. (d) 373.( ei a ae 
377. (e) 378. (d) 379. (c) 380. (a) 381. sp a Sta 
385.(c) 386. (c) 387. a) 382. (d) 383. (a) 384. (c) 
(a) 388. (b) 389. (c) 390. (c) 291 
393. (a) 394. (c) 395. (d) 396. (b) 397. (a) ang ° y ee) 
401. (e) 402. (e) Aa, .(a) 399. (b) 400. (d) 
c) AO) 405. (a) 406. (c) 407.( 4 
409. (e) 410. (d) 411. (d) 412. (b) barg oo : -(c) 08. (b) 
417. (a) 418. (b) 419. (b) 420. (b) 421. (b) 422. d — i op 
425. (c) 426. (a) 427. (b) 428. (b) 429. (b) 430. F 431. o oa a 
pa (6) 434. (c) 435. (b) 436. (b) 437. (a) 438. (c) 439. (b) 440. D) 
He = om (d) 443. (c) 444. (d) 445. (d) 446. (a) 447. (e) 448. (c) 
B wey d 0. (d) 451. (c) 452. (e) 453. (d) 454. (c) 455. (d) 456. (a) 
| i 58. (e) 459. (c) 460. (c) 461. (d) 462. (a) 463. (c) 464. (d) 
pA c 466. (d) 467. (a) 468. (a) 469. (e) 470. (b) 471. (b) 472. (c) 
-(c) 474, (d) 475. (e) 476. (c) 477.(d) 478. (b) 479. (d) 480. (a) 
481. (d) 482. (a) 483. (b) 484. (b) 485. (e) 486. (b) 487.(d) 488. (b) 
Hs : pan (d) 491. (b) 492. (c) 493. (d) 494. (b) 495. (d) 496. (d) 
ei . (b) 499. (b) 500. (b) 501. (b) 502. (c) 503. (d) 504. (b) 
-(c) 506. (d) 507. (c) 508. (b) 509. (d) 510. (a) 511. (c) 512.(c) 
= a 514. (e) 515. (b) 516. (b) 517. (e) 518. (c) 519. (d) 520. (d) 
a, “ 522. (a) 523. (b) 524. (d) 525. (e) 526. (b) 527. (a) 528. (c) 
= ) 530. (c) 531. (b) 532. (c) 533. (c) 534. (c) 535. (e) 536. (b) 
= (e) 538. (a) 539. (a) 540. (c) 541. (b) 542. (c) 543. (d) 544. (d) 
= 546. (a) 547. (b) 548.(d) . 549. (c) 550. (a) 551.(b) 552. (a) 
| oe (b) 554. (d) 555. (e) 556. (d) 557. (b) 558. (a) 559. (e) 560. (e) 
a (b) 562. (d) 563. (c) 564. (d) 565. (e) 566. (a) 567. (d) 568. (a) 
Na (b) 570. (b) 571. (d) 572. (a) 573. (a) 574. (e) 575. (a) 576. (d) 
a (d) 578. (b) 579. (d) 580. (d) 581. (d) 582. (d) 583. (b) 584. (c) 
so +) 586. (d) 587. (b) 588. (c) 589. (a) on (d) 591.(a) 592. (a) 
a. o 594. (b) 595. (a) 596. (c) pet - (e) mo (c) 599. (c) 600. (c) 
eto. )  602.(d) 603. (e) 604. (b) = te) on (b) EKG) eee 
a i 610. (e) 611. (b) 612. (a) non = A a a (e) 616. (e) 
625, n SE Gane wig 629. (a) 630. ( cae oni 
623. ( cig pia aa ae 637. (a) 638. le) 639. ( sa ; 
641 b) Pip couse ee T 646. (d 647. : 643. (b) 
642. (b) 643. (e) 644. (a) 645. (b) on oe : 
649, (d) E50 sey 652. (c) 653. (b) 654. (e) 655. (e) 656. (c) 
657. (a) ile) on 661.(¢) 662. (b) 663. (a) 664. (b) 
te om 659. (e) pada set) 670. (a) 671.(b) 672.(c) 
673 5 666. (c) 667. (b) 668. (a) peut ‘ 678. (d) 679.(c) 680. (b) 
681. E phi (c) 675. 7 pr t a. $ ) 686. (a) 687. (c) 688. (b) 
.(d) 683. (d) 
am 
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689. (a) 
697. (c) 
705. (c) 
713. (a) 
721. (b) 
729. (e) 
737. (a) 
745. (a) 
753. (d) 
761. (b) 
769. (c) 
777. (b) 
785. (a) 
793. (c) 
801. (d) 
809. (d) 
817. (a) 
825. (b) 
833. (d) 
841. (d) 
849. (e) 
857. (b) 
865. (e) 
873. (c) 
881. (e) 
889. (e) 
897. (c) 
905. (b) 
913. (d) 
921. (b) 
929. (d) 
937. (c) 
945. (a) 
953. (d) 
961. (d) 
969. (b) 
977. (d) 
985. (d) 
993. (b) 
1001. (c) 
1009. (d) 
1017. (e) 
1025. (c) 
1033. (a) 
1041. (d) 
1049. (a) 
1057. (a) 


690. (a) 
698. (d) 
706. (d) 
714. (a) 
722. (d) 
730. (b) 
738. (d) 
746. (b) 
754. (e) 
762. (c) 
770. (a) 
778. (e) 
786. (d) 
794. (b) 
802. (b) 
810. (d) 
818. (a) 
826. (b) 
834. (b) 
842. (b) 
850. (b) 
858. (e) 
866. (d) 
874. (b) 
882. (b) 
890. (b) 
898. (b) 
906. (c) 
914. (a) 
922. (c) 
930. (a) 
938. (b) 
946. (a) 
954. (e) 
962. (d) 
970. (d) 
978. (b) 
986. (a) 
994. (c) 
1002. (b) 
1010. (a) 
1018. (e) 
1026. (a) 
1034. (c) 
1042. (c) 
1050. (d) 
1058. (a) 
1066. (b) 







691. (b) 
699. (a) 
707. (b) 
715. (c) 
723. (a) 
731. (d) 
739. (d) 
747. (a) 
755. (c) 
763. (c) 
771. (b) 
779. (d) 
787. (d) 
795. (d) 
803. (c) 
811. (b) 
819. (d) 
827. (a) 
835. (c) 
843. (d) 
851. (c) 
859. (c) 
867. (b) 
875. (e) 
883. (a) 
891. (a) 
899. (c) 
907. (b) 
915. (b) 
923. (b) 
931. (c) 
939. (a) 
947. (a) 
955. (d) 
963. (b) 
971. (c) 
979. (d) 
987. (a) 
995. (c) 
1003. (e) 
1011. (c) 
1019. (a) 
1027. (d) 
1035. (d) 
1043. (a) 
1051. (d) 


692. (b) 
700. (a) 
708. (a) 
716. (a) 
724. (d) 
732. (a) 
740. (e) 
748. (c) 
756. (b) 
764. (d) 
772. (c) 
780. (c) 
788. (b) 
796. (c) 
804. (e) 
812. (a) 
820. (c) 
828. (a) 
836. (e) 
844. (e) 
852. (a) 
860. (b) 
868. (d) 
876. (b) 
884. (e) 
892. (b) 
900. (b) 
908. (c) 
916. (e) 
924. (d) 
932. (a) 
940. (a) 
948. (d) 
956. (d) 
964. (a) 
972. (a) 
980. (b) 
988. (d) 
996. (d) 
1004. (a) 
1012. (e) 
1020. (d) 
1028. (b) 
1036. (a) 
1044. (a) 
1052. (d) 
1060. (a) 
1068. (c) 
1076. (e) 
1084. (a) 
1092. (d)* 


693. (e) 
701. (c) 
709. (b) 
717. (e) 
725. (c) 
733. (b) 
741. (b) 
749. (a) 
757. (e) 
765. (d) 
773. (b) 
781. (e) 
789. (a) 
797. (a) 
805. (d) 
813. (b) 
821. (c) 
829. (b) 
837. (c) 
845. (c) 
853. (d) 
861. (c) 
869. (e) 
877. (e) 
885. (c) 
893. (c) 
901. (d) 
909. (c) 
917. (a) 
925. (d) 
933. (c) 
941. (c) 
949. (c) 
957. (d) 
965. (b) 
973. (b) 
981. (b) 
989. (c) 
997. (c) 
1005. (e) 
1013. (a) 
1021. (e) 
1029. (a) 
1037. (b) 
1045, (a) 
1053. (d) 
1061. (d) 
1069. (d) 
1077. (a) 
1085. (c) 
1093. (d)* 


694. (c) 
702. (a) 
710. (b) 
718. (c) 
726. (e) 
734. (d) 
742. (a) 
750. (b) 
758. (a) 
766. (b) 
774. (e) 
782. (d) 
790. (a) 
798. (b) 
806. (a) 
814. (b) 
822. (d) 
830. (e) 
838. (c) 
846. (e) 
854. (b) 
862. (b) 
870. (c) 
878. (c) 
886. (e) 
894. (d) 
902. (b) 
910. (a) 
918. (b) 
926. (c) 
934. (c) 
942. (c) 
950. (e) 
958. (d) 
966. (a) 
974. (d) 
982. (b) 
990. (c) 
998. (d) 
1006. (c) 
1014. (c) 
1022. (e) 
1030. (c) 
1038. (d) 
1046. (b) 
1054. (d) 
1062. (c) 
1070. (e) 
1078. (e) 
1086. (b) 
1094. (a) 


Aa io 





695.0) 
703. (b) EA o 
711. (b) ae lo 
719. (c) te, ( 
727. (d) te ) 
735.(d) aga Ò 
743. (b) Bt 
751 a 

TOE 
. c) 
759. (c) 760. (o) 
767. (e) 768. ( 
775.6) 116 
783. (a) 784, d) 
791. (a) 792, (e) 
799. (b) 800, la) 
807. (b) 808. (c) 
815. (b) 816. (a) 
823. (d) 824. (d) 
831. (a) 832. (a) 
839. (d) 840. (e) 
847. (d) 848, (a) 
855. (d) 856. (b) 
863. (d) 864. (a) 
871. (b) 872. (c) 
879. (b) 880. (b) 
887. (a) 888. (c) 
895. (d) 896. (d) 
903. (a) 904. (e) 
911. (d) 912. (c) 
919. (c) 920. () 
927. (c) 928. (a) 
935. (a) 936. (C) 
943. (d) 944. E 
951. (d) 92N 
959. (d) 960. i 
967. (b) 968. a 
983. (b) wo " 
991. (e) fon © 
999. (a) 008. 
1007. (a) 16.) 
1015.6) Pa 
1023. (9 a 
1031. (c) Ton ) 

1039. (b) ‘048 (a 

1047. (b) 1056: (d) 

1055. (c) 1064-0 

1063.(6) 479.0 

1071. (a) 080. ® 

1079. (d) 1088: (c) 

1087. (b) 096. (2! 
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A pura TURING IN 
091. (b) 1098. (a) 
lgo 1108-0) 
i q) 1114. (a) 
1121. (a) 1122. (c) 
1129. (a) 1130. (d) 


Thus index plate having holes in multiple of 3 can 
be used. For plate 1, we can use 18 holes, plate 2 — 
2] holes, plate 3 — 39 holes. Thus any of the three 


hole plates can be used. 


1093. V,T0? = V,T,°5 =C 


1099. (a) 
1107. (b) 
1115. (b) 
1123. (b) 
1131. (d)* 


DUSTRIAL AND MAINTENACE ENGINEERING 


1100. (c)* 
1108. (a) 
1116. (b) 
1124. (a) 
1132. (a) 


1101. (c)* 
1109. (b) 
1117. (a) 
1125. (c) 
1133. (b) 


1102. (d) 
1110. (a) 
1118. (c) 
1126. (b) 
1134. (c) 


EXPLANATORY NOTES- 


1100. D = a? +4dh = J25? +4x25x15 =46 mm. 


1101. ¢5= 4, ọ = $/4 = 1.62. 


(5) T 0-25, 
g| 2 


0.25 
or, 2) =2, or (2 = 24 = 16. 


Ti 


Thus new tool life will become 16 times. 


2 
1131. Solidification time for sphere « Z) 


Time will be « l 


1103. (c) 
1111. (b) 
1119. (b) 
1127. (a) 
1135. (b)* 


4/3 3y 
isan) a 


Anr 


953 





1104. (a) 
1112. (a) 
1120. (d) 
1128. (b) 






For doubling of radius, time will be 4 times. 


1135. Min. dia. = 4¢ h =4x15x - = 30. 


C 
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rood housekeeping. It however, may result į 
7 jobs that require a series of Operation, k ack tra 
facilities. Basic principles of motion economy «ig 
Sho% 

q 


followed. 









+ 


Industrial Engineering 


aahon i dation 
Plant Organisation. Organisation 18 the foun 


he distribution of 
















of management as it is concerned with t 
the function of the business to the ee vaal nee 
qualified to handle them. An organisation Res of direct 
relationships of the major departments and the li saton i 
authority from superior to subordinate. An organ chon 
controlled by administrative management and N Ph 
management. The former has the respons! ma ne 
determining policy and coordinating sales, a ae 
production and distribution; while latter | a 4 
responsibility for executing the policies establis e 
administration. For an organisation to be efficient, j 
management should ensure that-there is clear separation 0 
various functions and no overlaps/conflicts exist in 
accomplishment of a task; each managerial position has a 
definite location within the organisation; clear understanding 
of the authority under each position prevails; selection of 
personnel is unbiased; recognised line of authority prevails 
from top to bottom and equally clear line of responsibility 
from bottom to top; there are no communication gaps; 
responsibilities are clearly defined and coupled with 
corresponding authority; no employee be given orders from 
two sources and order may not be given to subordinate over 
the head of another executive; all criticisms should be made 
in constructive manner and privately; promotions/rewards 
be approved by the executive immediately superior to the 
one directly responsible etc. 


1 logically 


Process Planning 

Process planning is concerned with proper and 
sequential selection of processes, selection of specific 
equipment and tooling and specifying the location of special 
tools. 

Process analysis. It involves a procedure for studying 
all productive and non-productive operations with a view to 
optimise cost, production output or quality. 

Flow process chart is a useful tool in process 
analysis. It represents graphically and chronologically all 
manufacturing information. Attempts always need to be 
made to improve design by making use of better material, 
number of operations in 
production. The tolerances provided can often be liberalised 


process as they improve safety, raise employee moral, improve 
public relations and increase production. Materia] 
as far as possible, should be mechanised. Good pl 


due to minimisation of distance to be moved but is n 
if production requirements are 
functional layout (grouping of similar facilities) gi 
appearance of neatness and orderliness and tends to p 


ess or 
ves an 
romote 


production, the despatching of material 
at the required time so that the predicted ait 
realised. PERT (Program Evaluation and Reyi 
is used for project-oriented schedulin 
management planning and contro] method 
portrays the optimum way to attain some presi 
objective, usually in terms of time. The critical 
(CPM) consists of that sequence of events l which ely 
the start or completion of any event in the Sequence delay 
a delay in the project completion. Control of Maten c% 
critical to the smooth functioning of a plant Prog di 
control seeks optimum lot sizes with minimum to tal Ucti, 
adequate inventory. Stay 


rates, (ii) financial type incentives (piece-rates), 





Production control. It includeg the sch J 
edy): 
“Up 
ow ct 
sig Echni * 
Pani. te 


) 


Wage Administration 


Workers are compensated for their efforts by (i) how 
Job evaluation is a formal system for ranking jobs; 
classes. Merit-rating is a point-scale evaluation Ja 
individual’s performance by a superior based On quantity 
quality of output, adaptability, ability to work with other 
and attitude. Employee relations assume great significany 
for management. Employee grievances can be reduced by 
giving them a sense of belonging: making them fed 
significant; making them feel safe with regard to job Securit 
and suitable working condition, giving them fair and 
impartial treatment, giving them a chance to be heard, and 
assisting them to develop pride in their work. 
Depreciationis the periodic charge to income in order 
to cover the cost of equipment before its usefulness i 
exhausted. Various methods for providing depreciation are: 
(1) Straighi line method. This method provides for 
setting aside each year an equal proportional part of the cost 
based on life span of the equipment. This method is simpl 
and easy to apply when it is assumed that the only causes 


tor requirement are wear and tear which is not necessari 
true always. 


(2) Sinking fund method. In this method it is assum"! 
that the occurred depreciation of the equipment is the ane 
already accumulated in a ‘sinking fund’ that was begun Y i 
the equipment was first put into service and the mii 
deposits of which are such that at the compound interest 
amount at the end of the expected life of the equipment 
be equal to the initial cost. ides 

(3) Diminishing value method. This method Pr y 
for Setting aside each year at a fixed rate, first app 5 
cost and then to the diminished value. +a of thE 

Motion study may be defined as the ase he? 
Manual and al] other movements occurring in an Hi ste! 
°F work cycle for the purpose of eliminating ; a 
Movements and establishing a better seque? 
coordination of movements. 


Scanned by CamScanner 





ae study may be defined as the procedure by which 
i apsed time for performing an operation or sub- 


iim of time and motion study is to subject each 
of a given piece of work to close analysis, in order 
operat? unnecessary operation may be eliminated and in 
that ie jetermine the quickest and best method of 
nine each necessary operation. 

e 


pusiness planning is concerned with achieving 
tives of an organisation. It governs survival, growth and 
| Sat ty of any organisation in a competitive environment. 
op Important elements that describe the essential nature 
of planning are : focus on objectives, primacy of planning, 

rvasiveness of planning, efficiency, accuracy and economy, 
o-ordination, limiting factors, flexibility, 

Important elements of company environment are : 
people, community environment, physical resources and 
- dimate, economic and market environment, technological 

environment, social and political environment. 


Primary and economic objectives of an organisation 
are : service to customers and profits to shareholders. 


Social objectives of an organisation are : economic and 
social security for employees, service to the community, 
observance of Government regulations and ethical behaviour. 


Adequate funds are required for : acquiring and 


creating fixed assets, working capital, capital for expansion, 
modernisation etc. 


The funds are raised by the share capital, debenture 


capital, loans and advances, short term loans from banks 
and long term loans from financial corporations etc. 


Profit planning. The main objective of a business 
enterprise almost invariably is to earn a surplus which is 
adequate for compensating decline in the purchasing power 
of money and for maintaining a reasonable growth rate. 


rofit, therefore, is a very important concept in business 
Management. 


| 


Profitability of an organisation can be increased by : 
g the volume of sales turnover, reducing the cost of 
ras and/or distribution, higher motivation and moral 
i aon higher efficiency of man-machine system, better 

ton of resources, better organizational climate. 


Sreak-even Analysis 


whic mrad costs in business are those elements of cost 
are era not vary with the volume of production. Fixed costs 
ege les regardless of the level of output and sales, and 
temia ude property taxes, depreciation, interest, insurance 
‚rent and supervisory and managerial salaries etc. 
actua] i "able costs are those which vary directly with the 
ume of production or sale. 
à te ok even analysis enables us to determine whether 
break. 3 volume of sales will result in loss or profits. At the 
Nalysi« ra Point there is neither a profit nor a loss. The 
Costs .., . Performed by considering fixed costs, variable 
’ 8s revenues and profits. 
st Accountin g 


raisin 


Peration accounting furnishes the costs of products, 
_-°"8 or functions and compares actual costs and 
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VARERSEs with predetermined budgets and standards. It 
provides management with sufficient information about 
costing aspects to enable them take decision regarding sales 
policies, production methods, purchasing procedures, 
financial plans, and capital structure. 


Cost accounting is concerned with the task of 
determining cost and profit for an accounting period; creating 
inventory values for costing and pricing purposes; aiding and 
participating in the creation and execution of budgets; 
establishing costing methods; providing management with 
cost information to decide two alternatives. 


The construction of a cost system requires thorough 
understanding of the organisational structure of the company 
and the manufacturing procedures. The main items of costs 
are factory costs which include direct materials, direct labour 
and factory overhead, and selling and distribution expenses. 


A budget provides management with the information 
necessary to attain all the objectives of budgetory control, 
viz. organised procedure for planning, a means for 
coordinating the activities of various divisions of a business 
and a basis for cost control. 


Cost analysis is important for management to take 
decision of both short-range and long-range nature. 


Break-even analysis (point at which company makes 
neither profit nor loss) constitutes easily understood device 
for data presentation for policy making decisions. 


Break-even sales volume 


E total fixed expenses 
-~  _ total variable expenses 
total sales volume 


Cost-volume-profit analysis deals with the effect 
that a change of volume, cost, price and product-mix will have 
on profits. 


Capital-expenditures decisions can be taken by the 
following evaluation techniques — pay back or payout—period 
method, average return on investment method, present value 
method, and discounted cash-flow method. 


Linear programming. It is a mathematical 
technique which permits determination of the best optimum 
use of limited resources, including money, personnel, 
materials, facilities and time. It provides a systematic and 
efficient procedure which can be used as a guide in decision 
making. Simplex method is a basic technique which uses an 
iterative, stepwise process which approaches an optimum 
solution in order to reach an objective function of 
maximisation for profit or minimisation for cost. 


Engineering Statistics 

In engineering or any physical process, variability is 
inherent and inevitable. Statistical methods provide 
objective, quantitative, and reproducible ways of assessing 
the effect of variability. They aim to provide measures of the 
uncertainty in conclusions drawn from observational data 
that are inherently variable. It also provides methods of 
taking random samples, which are representative of the 
whole. Once random sample is obtained, valid inferences or 
conclusions can be made from a set of observational data. 


Two statistical measures most commonly wee ni 
characterise observational data are average and standar 
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‘ation is called 
direction. The square of the standard deviation 
variance. 

Control charts. When 
control, then its output can 
average value and a fixed standal 
lost, then the spread in values will 
most frequently used statistical tool 
of an industrial process is control charts 


range). 


an industrial process is p 
be characterised by a fixe 

dard deviation. If control 1s 
be greater. One of the 
for analysing the state 
(for average and for 


Environmental Control 

The science of environment cont ) k 
the control of environmental activities, so as to take 
maximum advantage at minimum cost of the two 
inexhaustible sumps provided by nature for maintaining a 
steady-state environment on earth (viz., the 4°K backgr ound 
temperature of absolute space to accept heat rejects from 
earth to close its heat balance, and the oceans which serve to 
close the material balances of its cycle processes). 

Environmental control is concerned with control of 
quality of air, water and land; and conservation of natural 
resources. Every nation draws a national policy to encourage 
productive and enjoyable harmony between people and their 
environment, and to enrich their understanding of ecological 
systems and natural resources. The National Acts should 
establish the widest range of beneficial uses of the 
environment without its degradation, and risk to health or 
safety, or other undesirable consequences. These should also 
tend to achieve a balance between population and resource 
use which will permit high standards of living. 

Ecology is the study of the biosphere, a hypothetical 
system comprising the surface of the earth and all the 
subsystems necessary to maintain a steady-state life-support 
system. 

Environmental control, the engineering approach to 
ecology, seeks to subdue and utilise nature’s ecological cycle 
to the maximum extent possible in order to serve people’s 
needs, thereby conserving natural energy and mineral 
resources, and to replenish desirable local flora and fauna 
and population by agriculture and cultivation to provide 
adequate food, clothing and shelter. 

Environmental control is concerned with 

(a) Control of thermal discharges 

(b) Waste water control 

(c) Air pollution control 

(d) Radioactive waste management 

(e) Solid waste handling 


(f) Occupational safety and health 
(g) Fire protection. 


rol is concerned with 


FINANCIAL MANAGEMENT 


Superior professional skills in financial analysis and 


economy., 


MM TTANICAL ENGIN. Y. 


5, Economic deregulation and globalisat: 
two major themes of the New — Policy, A ath 
has taken place from command economy to marke, Joy t 

The companies have to redesign the t 
strategies. The future planning would depenq i i t 
strategies for survival and provin, eh, 

(i) Cost leadership. Produce the best quali 
and services at the lowest delivered cost. Increage they Sog 
and gain high market share. Today's costs represent k Udy 
yesterdays decisions. Cost leadership can be achieve y 
yesterday’s knowledge and adapting it to today’, M 
tomorrow’s demands. aly 

(ii) Profit leadership. Improve profitability 
achieve profit leadership in terms of return on sales ay 
return on capital employed by optimal utilisation ofresco 5 
Profit leadership can be achieved by mastering to in 
knowledge about business and creating a sustainaj, 
competitive advantage through differentiation of produ 
and services. 

(iii) Investment leadership. Plough back the profi 
by investing 1n modernisation and upgradation of hardway 
and software which will keep the business ahead f 
competition. Today’s investment leadership ensure 
tomorrow’s cost leadership and day-after tomorrow's profi 
leadership. 

With the progress of economy from regulation ani 
control to the era of deregulation and liberalisation, a se 
change is taking place in the professional skills required fr 
success in business. 

For instance, with the availability of good accounting 
software, an office assistant can maintain the entire financi 
accounting system efficiently and accountants with nument 
skill are not required. Expertise in the taxation becomes less 
important in future due to simplified tax laws. As statutor) 
price controls are being removed, the statutory cost audi 
loses its importance. | 

With dilution of FERA and MRTP Act, introduch 
of scripless trading, and simplifications of company law g 
also reduced the relative importance of expertise 1 comp" 
legal aspects and secretarial work. if 

Today’s managers are required to h itb 
understanding of the finance function and its interla? el 
corporate strategy, marketing, manufacturing, pers” 
research and development. active 

The corporate sector is growing strong with OP 4 
support and help from the investing public, 
institutions, the growing markets for wide-rang® oy du 
and consumer products and the rising gross nation? j 

Important fields in Financial Manageme” $ a 

_ Corporate finance. It is fast emerB ight 
specialisation and the accounting function 15 being ews! 
from the finance function. Corporate finance centres 
mobilisation and utilisation of financial resources ov 
term and long-term purposes from domestic an 
markets through a proper mix of debt and è aa 
treasury operations are acquiring great importa” spe”, 
, International finance. An international P tend if 
1S crucial to mamagement, without whi ch manage 
operate oblivious of global changes and its © 


principle 


. On 
ir lone 


i 


ave 4 cle 


firms. 
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ne INDUSTRIAL AND MAINTENACE ENGINEERING 

U 

hant banking. It is a fast growing field, which 

Mer services to corporate clients on capital 

adv! cisions, public issue management and raising 
ublic issues, Euro issues and private 


ii services. These include financial 
n services, advice and negotiation with regard to 
C are 

acquisitions and formulation of nursing 


rs painaa i 
mmes and rehabilitation packages for revival of sick 
j 





spits apita and money markets. With the freeing of 


rates and free pricing of issues, the capital markets 
money markets will witness introduction of new 
nts and intense interplay of demand and supply 


terest 
igstrume 


forces: 
Portfolio management. A portfolio manager’s job 


pvolves the balancing of risks and rewards through skillful 
qufling of the portfolio and maximising the return on 
investment. 
Important Information pertaining to Production 
Planing and Control 
— Routing prescribes the sequence of operations to 
be performed during cut manufacturing. The 
routing plan is usually made in advance of 
production in continuous manufacturing system of 
production. The design of format used for the 
routing sheet depends upon the type of 
manufacturing system.In planning production, 
shop orders have to be loaded on individual work 
machines, 
T Loading on each equipment/machine must decided 
a to determine that copacity utilisation is 
ull. 
` Master schedule indicates the data on which 
various jobs in hand are required to be completed. 
~ Op eration schedule time is fixed for doing a 
Particular Piece of work with a given machine, and 
detailed Operation schedule, time required for 
S ng each detailed operation of given job is shown. 
: "recasting is the blue print of an estimate of the 
v ot the demand in future. 
st en Wedge about demand in past is known 
estima, is unknown and at best could only be 
consider e based on the past. Hence one has = 
Sta K the credibility of possible occurence an 
ön nge within which it would occur. 
more i forecasting is for a time e 
and fore n l year. Normally, it is difficult to a . 
onom a events for more than 5 years “he 
thavio, uncertainty and variation in = 
i capit ioe interrelated processes. It1s uen 
Mostly a p lanning, new product planning, F : 
relate ialitative techniques are used. Studie 
Studi ‘ technological break-through, economie 
bre, > Marketing survey etc are used to make 
ecast, y etc 


= Medium r 





19 months we forecasting is generally from 3- 
" “curacy of forecast is better due to 
sales plan, - uncertainty., It is very useful in 
TNn i R: Capital and cash plainning, 
odiu = planning, Production plaining etc. 
, m-range forecasting needs judgement as well 
as time series analysis, 

Short-range forecasting is typically for 1-3 
month. It is needed at detailed level, such as 
purchasing, scheduling ofjob, machine maintenace 
etc. The forecast may affect the purchasing activity. 

Specific value of the forecast is needed. 


Short range forecasting is based on past dota. The 
trend of data is projected or interpolated into future. 
For this, exponential smoothing, graphical 


projection, past explosion into product family etc 
are used. 


Decision like scheduling of machines, 
production rate, amount of cabour to be committed 
are taken during the aggregate production planning 


stage. 


Production planning consists of preplanning and 
routing, scheduling and dispatching, and 
expediting. 

Scheduling authorises production as well as control. 


Delphi method is the quality model of forecasting 
besed on the consensus opinion of a panel of experts. 


Exponential smoothing method takes traction of 
forecast error into account of the next period 
forecast. 

Gantt Chart is useful for scheduling and control. 
Demand forecasting is the prime input for 
aggregate planning. 

Routing determine is the sequence of operations to 
be perfomed and the allocation of facilities where 
these operatioins are to be performed. 

Process layout is used for batch type of product. 
Product layout is used for batch production. 

The main advantage of line orgainsation is defined 
responsibility and rigid discipline at all levels, and 
effective command and control. | 
Gantt chart provides information aboout production 
schedule. 


Scheduling give > 
should start and work content to 


ing a certain time. 

Routing prescribes the flow 0 
The two-bin system is conce 
procedure. 

Bin cord is used in stores. 
Production planning cons? 
routing. 

A process 1s said 
chance causes 42 


s information about when work 
e completed dur- 


f material in the plant. 
rned with ordering 


sts of preplanning and 


to be under control if there are 


d assignable cause. 
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Current assets include manufactu 
ipment. 

aed project schedule implies —e 

sible cost and shortest possible time tor project. 

Capital expenditure means expenses incurred in 

acquiring capital. E 

Merit rating is the method of determining worth of 

an individual employee. 

Heynes plan motivates supervisors by paying a pre- 

mium on time saved by workers. 

The specific study of the relationship between man 

and his working environment is known as indus- 

trial psychology. 

SIMO charts are used in micromotion study. 

Micromotion study is subdivision of an operation 

into therbligs and their analysis. 

ABC analysis deals with controlling inventory costs. 

Job evaluation is the method determining the rela- 

tive worth of jobs. 

Gantt chart gives information about scheduling and 

routing. 

Time taken by a trained worker to perform an op- 


eration, while working at steady pace, is known as 
noral time. 


— Standard time is equal to normal time — allowances. 
— Time study is carried out to determine the time 


required to complete job by average worker. 


— Study used to find a simpler, easier and better way 


of performing a job, is known as motion study. 


— Delphi method provides intuitive base for 


forecasting,is helpful for development of new prod- 
ucts and is usefull for long range planning. 


— Passive forecasting assumes a static environment 


in the future. 


— The production planning functions refers to deter- 


— Sucheduling authorises 


— Expenditure function is 


— Delphi Method i 


— Gantt chart is 


— Routing Procedure q 





mination of the sequence of operations to be per- 
formed for the job and allocations of facilities where 


these operations are to be performed is called 
routing. 


roduction 
noatro p as well as 


l concerned with monitorin 
and follow up intended for completion of job within 
the prescribed time frame. 


based on the con 


mainly for casual models. 


epends upon availability of 


plant, machineries and facilities 


ring plant and 


Control 





Ehy, 
Scheduling involves a decision mak: R ; 
determine when a job is to be starte di i Proy f 
and when it is to be completed. a mag. | 


Ih 
All financial decisions on any Project an. 
based on the present value of money, alsa] h 


At the breaken point sales revenue 
fixed cost are equal. 


The process, which prescribes the sequen 
eration to be followed is known as degy.4.. 


Indirect expenses includes adm 
expenses. 


According to exponential smoothing tim 
model of forecasting, 


New forecast = o (latest sales figure) 


+ (1 — Q) (old forecagy 
where œ = smoothing constant. | 
JIT manufacturing philosphy aims for Philosphy 
of manufacturing based on planned elimination į 
all waste and continuous improvement y 
productivity maintaining zero inventory. 


The simple Kanban system of inventory control 
an integral part of the JIT system of production 
and it is designed to produce only the number of 
units needed by a “pull” or demand feeding process 
MRP is defined as computation technique which 
convert master shedule for end product into detailed 
shedule for raw material and component required 
for the end product and also provides a guidanct 
as to when the components must be ordered ani 
delivered so as to meet the target of master 
schedule. 

In the flow shop the routing for all jobs throug! 
the machines is unidirectional whereas in the J 
shop the routing may follow any path. 

The mean number of jobs in the processing systen 
at a time, is called inprocess inventory. __ 
Flow control is adopted for control of producti” 
large volumes of a few types of products. 


and total ty 


of 
Patching 


@ Serigy 


Important information pertaining to Inventor 


In ABC analysis, the C items are those whic) H 
resents small percentage of the total annyi 
sumption value. d ted 
The method of classification of items to be adop 
for spare parts inventory is VED analysis. eeh 
In P-System of inventory control the time PY 
ordering remains constant. dems | 
Annual Carrying Cost, for a given ann ue mbet f 
will decrease with the increase in the ™™ go 
orders placed per annum. Whereas the w a 
dering cost, for a given annual demand“! 
with the decrease in order quantity. ring o 
When order quantity increases the ane 

will remain same. he po 
if ordering cost is increased to 4 times 
will be increased to 8 times. rder” 
The two-bin system is concerned gita: 
procedure. i W 
In two-bin system the second bin un 
number of units equal to Recorder F I 
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r a given annual consumption, the min 


À imum 
ee al inventory cost is proportional to Squa 





, re ro ofthe annu . l 
of the product of ordering cost per order and n Stores, al consumption of different items in the i 
t per unit per year. — 
carrying COS P Ey uae In HML Classification method i : ' 
Rie jemand rate, are given ; od, the unit cost of items li 
~ it, d duction rat into high mportance. The total items are divided | 
P, = pro uctio e, if cin ci medium and low cost items and this type l 

B . . : alysis i : e'e ji 

Cp =c — cost meee time, ies yS1S 1s used in determining the safety stock | 

z= e ’ 
C, = or 8 — In FSN H 


classificati ne , 
C = cost per penalty per unit time, item is lassification the categorisation of inventory 


in the for m as Fast Slow a movi 
] it 7 ’ nd Non- 
the economic order quanti y (EOQ) ca } items, bg 1 ; oving 
expressed as inventor y. 





ir SDE analysis refers to the classification of inventory | 
2R.C,( C, + C, items as scarce, difficult and easy to obtain items, 
C. SA R,- R, based on the level of difficulty in the procurement 


of inventory. 

— Inventory Turnover Ratio (ITR) is the ratio of 
annual consumption and average inventory. 

— Major components of inventory costs are ordering 
cost, set up cost and carrying cost. 


— Economic factor provides a means for obtaining 
economic lot sizes and availing quantity discounts. 


— The order quantity (Q) for which the total cost is 
minimum is called Economic Order Qunatity 
(EOQ). 

— While making inventory decisions it is required that 
some form of mathematical analytical model is 
applied and used. In the deterministic models, the 
data values are known and remains same during 
the period under study. 

— For a given annual consumption, the minimum 
total inventory cost is proportional to square root 
of the product of ordering cost per order and the 
carrying cost per unit per year. 

— The demand rate and lead time vary from cycle to 
cycle and their variations are probabilistic in 
nature. In small cases inventory decisions are based 
on the probability distribution of demand and/ or 
that of the lead time. 

ia Safety stock refers to a lower level of stock intended 


0 be maintained all the time, as a safety against 

Stock out, 
io demand for an item is doubled and the peeve 

“st is halved, the EOQ will increase by a factor 


V2, 


~~ . i 
sead time is the time period between placement 0 
~ ^ order and arrival of material. 7 
“order level is that stock level at which fresh or 


— VED analysis refers to the classification of 
inventory items as vital, essential and desirable 
items and is used for the maintenance stores for 
control of inventory of spares. In ABC analysis, 
the C items are those which represents small 
percentage of the total annual consumption value. 


Important information pertaining to Operation 
Research 





— Linear programming is an optimisation technique 
based on mathematical theory for specifying the 
ways to use the limited resources or constraints of 
a system to obtain a particular objective such as 
highest profit, least cost, least time, etc., when these . 
resources have alternative uses. | 

— Objective function is the function which is to be | 
maximised/minimised like revenue/profit function, | 
cost function, etc. 

__ The restrictions, which are expressed in the form 

of an equation or inequality (generally assigned 

with sign < or 2), are called constraints. | 

The objective functions and constraints are linear. 

Decision variable is one whose quantitative values 

are required to be found, so as to minimize (or 

maximize) the objective function. 

_ Feasible solution represents a set of values of 

decision variables, which satisfies the constraints 

tributes to the feasible solution. 

= pa j blem may be solved 

The linear programming one gees 

by graphical method or simplex m ; 


The graphical method to solve linear programming 


e only two decision 
is useful when there ar : 
pa because more than two ry are 

difficult to be represented on a graph paper. 


handled by simplex technique. 


a a eh ee a e 


i i sjon makers 
oli be placed with the supplier jor pri jen PERT and CPM are aids 7 the oe vepresents the 
qua a inventory equal to the economy — The critical path i a For completion of project. 

nti =o . ire 
~ Safet RA : rmal lead minimum tıme aa pu oriented whereas, 
ti o), Stock = (maximum lead time — 1? __ PERT techmique as oriented. luated 
x average demand. i igue is activ} .. PERT, and evatu 

e entory cl a i the classification techniq d times are Us® in P 
| of ite y classification refers to he nature 0 — Guesse x o being produced 
| impo into categories, based on t30 trol times in Cti" fa defective piece ability 
~] Portance, with a view for selective aia A tory — The probability ig process ig 0.01. The P : 
: it Cor Always better control analysis Sra ina manufactu 

å. “ms are classified on the basis of monetary © 


nie iY S| 
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that out of four successive pleces, 


fective is 4 x (0.99)° (0.01). Sp 
a method is used for linear programming 


Queuing theory deals with problems of reducing 


the waiting time. 

Queuing theory is used for probl 
problems, job shop scheduling, 
congestion. — i? 
The mathematical technique . l 
use of limited resources in an optimum manner 1S 
know as linear programming. . . 
Linear programming uses methods like graphical 
method, simplex method and transportation 
method. . . 
The optimality of a transportation problem is 
determined by the application of Vogel’s Application 
Method (VAM). | 

In a M/M/1 queue model, the mean rate of arrival 
is À, the length of the queue is Q. The expected 


ems like inventory 
and traffic 


ding the best 


waiting time in the queue will be N 


— Ina M | M | 1 queue, the mean service rate (p) is 
more as compared to mean arrival rate (À). 

— In PERT network, sometimes dummy activities are 
introduced, to maintain network logic of precedence. 

— Inthe PERT network, the distribution of the project 
completion time is assumed to follow normal 
distribution. 

— InaCPM network, the critica] path is the longest 
path. 

— The time by which the activity completion time can 
be delayed without affecting the start of succeeding 
activities, is known as free float. 

— Critical path moves along the activities having total 
float of zero value. 

= The difference between the time available to do the 
job and the time required to do the job, is known as 
float. 

= a ‘ 5 ae optimistic time, b is the pessimistic time 

1S the most likely time of an activity, then 


the expected time of activity is at4m+ö 


profit), minimum Cos 


i Project m 
anagement : 
times are nt technique ; l 
eterminict:, . , qUe in whic ae 
Method (CPM) MINistic jg known m meei a 
; a 





— Distinct part of a project involyin 
whose completion requires some amo OMe y 
known as activity. Ant of tin, 

— The physical time required to complet 
is called activity duration which is the i an activi, 
of the time to complete an activity in Cpr Stites 
expected time or average time bo do Mang th 
activity in PERT. plete y 

— Critical activity in one that has no TOOM for 
deviation, i.e. it is an activity with Zero sleet 

— Artifical variable is introduced jp te ny 
method to determine the initia] basic r Ple 
solution, when surplus variable is Present easibh 

— Crashing is the process of reducing an activity ¢ 
by adding fresh resources and hence iis ie 
increasing cost. Nally 

— The beginning, completion point Or mi] 

d . ° oe É estone 
accomplishment within the project is known 
event. h 

— Expected activity time is the average activity time 
that is used in the project sheduling. 

— The length of time up to which an activity can be 
delayed for channelling resources or readjustment 
without affecting the starts of the succeeding 
activities is known as free float. 

— Linear programmming is the mathematica] 
technique for finding the best use of limited 
resoures in an optimum manner. 

— The Simplex method is the basic method for linear 
programming. 

— In linear programming, shadow prices are value 
assigned to one unit of capacity. 

— In simplex method, if all the basic variables are 
greater than zero (>0), the solution is called non- 
degenerate. 

— In linear programming problems all the functions 
expressing the constraints as well as objective 
function are linear. 

— In the Simplex method, the variables which have 
not been assigned the value zero, during an 
iteration, are called basic variable. 

= Simplex method of solving LPP uses only the 
interior points in the feasible region. ; 

— The value of base variable in the assignment mode 
1s l or 2. 

— A basic feasible solution in Simplex method is 006, 
when all the base variables are non-negative. " 

— Aritificial variable is introduced, in the ee 
method to determine the initial basic feas 
Solution, when surplus variable is present. 3 

-ng mo 

-= Assumption made in the linear programm! oE caini 

is that, the object function and all con® : 

functions are linear and object function is bas 
the measure of effectiveness. 


| 
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nical device used to determine the break-even 


7 Age nd profit potential under varying conditions 
poin ut and costs, is known as 
of Sail dart (b) flow chart 
< preak-even chart (d) PERT chart 
o) Taylor chart. 
preak-even analysis consists of 
"fixed cost (b) variable cost 
(c) fixed and variable costs 
(d) operation costs (e) none of the above. 


3, Break-even analysis shows profit when 
7 (a) sales revenue > total cost 
(b) sales revenue = total cost 
(c) sales revenue < total cost 
(d) variable cost < fixed cost 
(e) none of the above. 
4, Break even point can be calculated by using the 
relation 
Fixed costs (F`) œ) E 


Variable costs (V) 1- S 





5. Break-even point shows that 
(a) sales revenue > total cost 
(b) sales revenue < total cost 
(c) sales revenue = total cost 
(d) variable cost = fixed cost 
le) it does not relate the above costs. 

6, In braek-even analysis, total cost consists of 
(a) fixed cost (b) variable cost 
(c) fixed cost + variable cost 

fixed cost + variable cost + over-heads 
(e) fixed cost + sales revenue. 
' € break-even point represents 


wt © most economical level of operation of any 
Industry 
the time when unit can run without loss and 
Profit 


(c) t; 
time when industry will undergo loss 


(d , , 
) the time when company can make maxımum 
Profits 


e) ți 
8, I time for overhauling a plant. 
© cost of Production of N units is given as 
10,0 
Ta Head , then value of N should be as follows 


for t 
Ta he total cost to be minimum 







11. 


15. 


- Inthe cost struc 





(a) 100 
(c) 10,000 
(e) less than 100. 


(b) 1000 
(d) 100,000 


ture of a product, the selli ice i 
i : ng price 
determined by the factors such as — 


(a) sales turn Over 
(b) lowest competitive price 

(c) various elements of the cost 
(d) buyers’ capability to pay 

(e) all of the above. 


- Work study is concerned with 


(a) improving present method and finding standard 
time 

(6) motivation of workers 

(c) improving production capability 

(d) improving production planning and control 

(e) all of the above. 

Basic tool in work study is 

(a) graph paper (b) process chart 

(c) planning chart (d) stop watch 

(e) analytical mind. 


. What does symbol ‘O’ imply in work study 


(a) operation (b) inspection 
(c) transport 

(d) delay/temporary storage 

(e) none of the above. 


. What does symbol| | imply in work study ? 


(a) operation (b) inspection 
(c) transport (d) permanent storage 
(e) none of the above. 


. The difference between the time available to do the 


Job and the time required to do the job, is known as, 


(a) event (6) duration 

(c) flood (d) Constraint 
What does symbol ‘D’ imply in work study ? 
(a) inspection (b) transport 


(c) delay/temporary storage 
(d) permanent storage (e) none of the above. 


_ What does symbol ‘V’ imply in work study 


(a) operation (b) inspection 

(c) delay/ temporary storage 

(d) permanent storage (e) none of the above. 
Material handling in automobile industry 1s done by 
(a) overhead crane (b) trolley 

(c) belt conveyor (d) all of the above 


(e) none of the above. 


_ String diagram is used when 


(a) team of workers is working at a place 
(b) material handling is to be done 


. a d 
c) idle time is to be reduced — 
be all of the above (e) none of the above. 
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In time study rating factor 1s equal to 
standard time (¢,) 
selected time (t2) 
100 — % age time on allowance (tg) 
100 2. agè US D E Ou 
x 





100 
3) eet epee C en 
) to à 100 - ts ty 100 
t, 100-tż 
@ x atin 3 
ty 100 - ts to t3 


Work study is most useful 

(a) where production activities are involved 

(b) in judging the rating of machines 

(c) in improving industrial relations 

(d) in judging the output of a man and improving it 

(e) where men are biggest contributor to success of 
a project. 

Micromotion study is 

(a) enlarged view of motion study 

(b) analysis of one stage of motion study 

(c) minute and detailed motion study 


(d) subdivision of an operation into therbligs and 
their analysis 


(e) motion study of small components upto mirco- 
seconds. 


In micromotion study, therblig is described by 

(a) a symbol (b) an event 

(c) an activity (d) micro motions 

(e) standard symbol and colour. 

The allowed time for a job equals standard time plus 
(a) policy allowance 

(b) interference allowance(c) process allowance 

(d) learning allowance (e) unforeseen allowance. 


Micromotion study involves following number of 
fundamental hand motions 


(a) 8 (b) 12 
(c) 16 (d) 20 
(e) 24. 


The standard time for a job is 

(a) total work content 

(b) basic time + relaxation time 
(c) total work content + basic time 


(d) total work content + delay contigency allowance 
(e) total work content + relaxation time. 


If tis ta, bay nary t, be the predetermined motion times 


of standard elements and Ti Ta, T, ...T_ be the actual 
or selected times for these elements, then rating 


factor in percentage is equal to 


ts t 
+—-+,..— |x 100 
Bt 
T: 
re x 100 
t3 t 


n 
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1 ty = T to = To t -T 
(c) — T Hon 
° n | ty to A | à 100 
1 ty = T to = Ts bn a 
d) — +... 2n 
ji n | 1 Tz f i x 100 
>| ——— + 4 +... et 

(e) m | T, T, T. x 100, 
Work study is done with the help of 
(a) process chart (b) material hangi: 
(c) stop watch (d) all of the above 


(e) none of the above. 

Scheduling gives information about 

(a)when work should start and how much wo 
should be completed during a certain period 

(b) when work should complete 

(c) that how idle time can be minimised 

(d) proper utilisation of machines 

(e) none of the above. 


Expediting function consists in keeping a watch o 
(a) operator’s activity 
(b) flow of material and in case of trouble locate 
source of trouble 
(c) minimising the delays 
(d) making efficient despatching 
(e) none of the above. 
Choose the wrong statement 
Time study is used to 
(a) determine overhead expenses 
(b) provide a basis for setting piece pm : 
incentive wages 
(c) determine standard costs a 
(d) determine the capability of an operator 
handle the number of machines 
(e) compare alternative methods. . 
Job evaluation is the method of determin!" the 
(a) relative worth of jobs 
(6) skills required by a worker 
(c) contribution of a worker 
(d) contribution of a job 
(e) effectiveness of various alternatives: 
Micromotion study is ysis $ 
(a) analysis of a man-work method by devic? V 
motion picture camera with a timing 
the field of view 
(b) motion study observed on enh 
intervals 
(e) motion study of a sequenc 
conducted systematically ondt 
(d) study of man and machine 
simultaneously jeer 
(e) scientific, analytical procedure for j 
optimum work method. ig fous? i 
Per cent idle time for men or machine? l 
(a) work sampling (b) time study 
(c) method study (d) work stv y 
(e) ABC analysis. 


‘ae 
anced R 





Aà 
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34, TMU in method time measurement stands for 


35. 


36. 


37. 


38. 


39, 


40. 


4l. 


42, 


(a) time motion unit 

(b) time measurement unit 

(c) time movement unit 

(d) technique measurement unit 

(e) time method unit. 

Time study is 

(a) the appraisal, in terms of time, of the value of 
work involving human effort 

(b) machine setting time 

(c) time taken by workers to do a job 

(d) method of fixing time for workers 

(e)method of determining the 
requirement. 

Work sampling observations are taken on the basis 

of 

(a) detailed calculations 

(b) convenience 

(c) table of random numbers 

(d) past experience 

(e) fixed percentage of daily production. 

The number of observations to be made on a machine 

for work sampling study for an absolute accuracy of 

A% with 95% confidence level, (if probability of 

machine being busy is P%), is equal to 


personnel 


4P (100 — P) P x (100 — A) 
Oa a aa 

9P (100 — P) 2P (100 — P) 
Oe OT 


(e) none of the above. 


One time measurement unit (TMU) in method time 
measurement system equals 


(a) 0.0001 minute (b) 0.0006 minute 

(c) 0.006 minute (d) 0.001 minute 

(e) 0.06 minute. 

Basic motion time study gives times for basic motions 
in ten thousandths of 

(a) second (b) minute 

(c) hour (d) day 


(e) none of the above. 


Choose the wrong statement. Motion study is used 
for 


(a) improving a work method 

(b) improvising a work method 

(c) designing a work method 

(d) providing a schematic framework 
(e) reducing inventory costs. 

Gantt chart provides information about the 
(a) material handling 

(b) proper utilisation of manpower 
(c) production schedule 

(d) efficient working of machine 

(e) all of the above. 

ABC analysis deals with 


(a) analysis of process chart 
(b) flow of material 
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49. 





(c) ordering schedule of job 

(d) controlling inventory costs money 

(e) all of the above. 

Process layout is employed for 

(a) batch production 

(b) continuous type of product 

(c) effective utilisation of machines 

(d) all of the above 

(e) none of the above. 

For a product layout the material handling equip- 

ment must 

(a) have full flexibility 

(b) employ conveyor belts, trucks, tractors etc. 

(c) be a general purpose type 

(d) be designed as special purpose for a particular 
application 

(e) arranging shops according to specialisation of 
duties. 

Travel charts provide 

(a) an idea of the flow of materials at various stages 

(b) a compact estimate of the handling which must 
be done between various work sections 

(c)the information for changes required in 
rearranging material handling equipment 

(d) an approximate estimate of the handling which 
must be done at a particular station 

(e) solution to handling techniques to achieve most 
optimum results. 

Product layout is employed for 

(a) batch production 

(b) continuous production 

(c) effective utilisation of machine 

(d) all of the above (e) none of the above. 

The most important objective behind plant layout is 

(a) overall simplification, safety of integration 

(6) economy in space 

(c) maximum travel time in plant 

(d) to provide conveniently located shops 

(e) to avoid any bottlenecks. 

The process layout is best suited where 

(a) specialisation exists 

(b) machines are arranged according to sequence of 
operation 

(c) few number of non-standardised units are to be 
produced 

(d) mass production is envisaged 

(e) bought out items are more. 

A low unit cost can be obtained by following 

(a) product layout 

(b) functional layout I 

(c) automatic material handling equipment 

d) specialisation of operation 

o oN travel time plan and compac 


t layout. 


_ Military organisation is known as 


(a) line organisation = 
(b) line and staff organisation 
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(c) functional organisation 

(d) all of the above (e) none of the above. 
The main disadvantage of line organisation 1s 

(a) top level executives have to do excessive work 
(b) structure is rigid 

(c) communication delays occur 

(d) all of the above 

(e) none of the above. 


The main advantage of line organisation is its 
(a) effective command and control 

(b) defined responsibilities at all levels 

(c) rigid discipline in the organisation 

(d) ability of quick decision at all levels 

(e) all of the above. 

Frederick W. Taylor introduced a system of working 
known as 

(a) line organisation 

(b) line and staff organisation 

(c) functional organisation 

(d) effective organisation 

(e) none of the above. 


The salient feature of functional organisation is 
(a) strict adherence to specification 

(6) separation of planning and design part 

(c) each individual maintains functional efficiency 


(d) work is properly planned and distributed 
(e) all of the above. 


The most popular type of organisation used for Civil 
Engineering Constructions is 

(a) line organisation 

(b) line and staff organisation 

(c) functional organisation 

(d) effective organisation (e) none of the above. 
Templates are used for 


(a) a planning layout (b) flow of material 


(c) advancing a programme in automatic machines 
(d) copying complicated profiles 

(e) none of the above. 

In steel plant the most im 
materials handling is 
(a) conveyors 

(c) trucks 

(e) none of the above. 
Routing prescribes the 
(a) flow of material in the plant 

(6) proper utilization of man power 
(c) proper utilization of machines 
(d) inspection of final product 

(e) none of the above. 
Queuing theory deals w 
(a) material handling 


protant system for 


(6) cranes and hoists 
(d) locos 


ith problems of 


(b) reducing the waiting time or idle time 
(c) better utilization of man Services 

(d) effective use of machines 

(e) none of the above. 
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MECHANICAL ENGIN 
Standard time is defined as 
(a) normal time + allowances 
(b) normal time + idle time + allow 
(c) normal time + idle time 
(d) only normal time for an operation 
(e) none of the above. 
Father of industrial engineering jg 
(a) Jeck Gilberth (6) Gnatt 


(c) Taylor (d) Newton 
(e) none of the above. 


The grouping of activities into or 
is called 

(a) corporate plans 

(b) higher level management 

(c) functional authority (d) departmentatigy 
(e) company policy. 


ances 


ganisationa] unit 


Which of the following organisation is preferred i 
automobile industry 


(a) functional organisation 

(b) line organisation (c) staff organisation 
(d) line and staff organisations 

(e) scalar organisation. 

Which of the following organisations is best suited 
for steel plants 

(a) functional organisation | 

(b) line organisation (c) staff organisation 
(d) line, staff and functional organisations 

(e) scalar organisation. , 
The wastage of material in the store is taken a 
account by the following method in the evaluation? 
the material issued from the store tod 
(a) inflated system (b) primary cost mel j 
(c) current value method (d) fixed price metho 
(e) variable price method. p sales 
Which of the following is independent 0 
forecast seal 
(a) productivity (b) inventory cP a 
(c) production planning (d) production ©” 

(e) capital budgeting. 
Gnatt charts are used for . cchedule 
(a) forecasting sales (b) production $ 

(c) scheduling and routing F 
(d) linear programming (e) none of the 
Inventory management consists of 

(a) effective running of stores 

(b) state of merchandise method 

maintenance etc. 

(c) stock control system 

(d) all of the above 

(e) none of the above. t 
Gnatt charts provide information abou 
(a) break even point analysis 

(b) production schedule 

(c) material handling layout 
(d) determining selling price 

(e) value analysis. 


bové: 


ag 
Š of stroide 
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[av ontory control in production, planning and contro] 
0). o 


aims at a f 
a) achieving optimisation 


b) ensuring against market fluctuations 

(c) acceptable customer service at low 
investment 1n inventory 

(d) discounts allowed in bulk purchase 

(e) regulate supply and demand. 


a1, In inventory control, the economic order quantity is 


the | 
(a) optimum lot size 


(b) highest level of inventory 
(c) lot corresponding to break-even point 
(d) capability of a plant to produce 
(e) none of the above. 
72, Statistical quality control techniques are based on 
the theory of 
(a) quality 
(c) probability 
(e) none of the above. 


73. The appellate authority for an industrial dispute is 
(a) management (6) labour court 
(c) high court/supreme court 
(d) board of directors (e) president. 
74, Under the Apprenticeship Act 
(a) all industries have to necessarily train the 
apprentices 
(b) industries have to train apprentices according to 
their requirement 
(c) all industries employing more than 100 workers 
have to recruit apprentices 
(d) only industries employing more than 500 
workers have to recruit apprentices l 
(e) all industries other than small scale industries 
have to train apprentices. 
s Standing orders which are statutory are applicable 
0 
(a) all industries 
(6) all process industries and thermal power 
(c) only Major industries 
(d) only key industries 
(e) all industries employing more than 1 
“ceptance sampling is widely used in 
%) bacth production (b) job production 
c) mass production (d) all of the above 
“/ None of the above. 
` -œ technique of value analysis can be ap 
$ complicated items only 
le) Simple items only 
“tash-programme items only 
e) ika consciousness items only 
78, ay item, : fers to 
a we ‘Value’ in value engineering T° e 
(b a cost of the product 
c) Sci price of the product 
ity of the product 


i 


Capital 


(6) statistics 
(d) all of the above 


plants 


00 workers. 


plied to 


79, 
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82. 


83. 


84. 


85. 


86. 
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(d) manufactured cost of 


e depreciation value 
Value en 


the product 


gineering aims at findin 
‘neer out th 
(a) depreciation value of a Bearin ; 


(b) resale value of a product 


C ' e 
(c) major function of the item and accomplishing 


(d) a BraS o AEE change in quality 
(e) selling price of an ; machine requires change 
an item, 
Check pea inventory conto, the material is 
(a) minimum value 
(c) average value 
(e) original value. 
According to MAPI formula, the old machine should 
be replaced by new one when 
(a) CAM < DAM (b) CAM > DAM 
(c) CAM = DAM 
(d) there is no such criterion 
(e) none of the above. 
(CAM = Challenger’s Adverse minimum 
DAM = Defender’s Adverse minimum) 
Merit Rating is the method of determining worth of 
(a) a job 
(b) an individual employee 
(c) a particular division in workshop 
(d) machine (e) overall quality. 
Material handling and plant location is analysed by 
(a) Gnatt chart (b) bin chart 
(c) Emerson chart (d) travel chart 
(e) activity chart. 
Works cost implies 
(a) primary cost 
(c) factory expenses 
(d) primary cost + factory expenses 
(e) none of the above. aa 
‘on study involves analysis 0 
eerie of operator (b) layout of work place 
(c) tooling and equipment(d) all of the above 
(e) none of the above. Ea 
Standard time as compared to normal time 1s 
(a) greater (b) smaller 
(c) equal 
(d) there is no such correlation 
(e) none of the above. 
Pick up the incorrect statement about 
work sampling 
(a) permits a fine break 
delays 
(b) simultaneous study of many oper | 
made by a single observer od ia economical 
(c) calculations are easier, mê “4 
and less time consume onerally we 
(d) no time measuring a ad for long a 
(e) as operators are not jeading rest 
chances of obtaining 


(b) maximum value 
(d) alarming value 


(b) factory cost 


advantages of 


down of activities and 


ators may be 
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ine ed to 
In which of the following layouts, the lines ne 


the balanced 
(a) process layout (b) — layon 
(c) fixed position layout (d) plant layou 


(e) functional layout. 

Which of the following layou 

production ? 

(a) process layout 

(c) fixed position layout 

(e) functional layout. l 

Which of the following layouts is suited to job 

production ? 

(a) process layout (b) product layout 

(c) fixed position layout (d) plant layout 

(e) functional layout. 

The employees provident fund act is applicable to 

(a) all industries 

(b) all industries other than small and medium 
industries 

(c) volunteers 

(d) the industries notified by Government 

(e) all major industries. 

The amount deducted from the salary of workers 

towards employees provident fund is 

(a) credited into reserves of company 

(b) deposited in nationalised bank 

(c) deposited in post office 

(d) deposited in the account of worker with 
employer or Reserve Bank of India 

(e) deposited in the account of worker with 
Provident Fund Commissioner. 

The deductions for employees provident fund start 

(a) immediately on joining the service 

(b) after 60 days of joining the service 

(c) after 100 days of joining the service 

(d) after 240 days of joining the service 

(e) after one year of joining the service. 

Father of time study was 

(a) F.W. Taylor 

(c) F.B. Gilberth 

(e) H.B. Maynord. 


ts is suited for mass 


(b) product layout 
(d) plant layout 


(b) H.L. Gantt 
(d) R.M. Barnes 


Tick the odd man out 
(a) Taylor (b) Drucker 
(c) McGregor (d) Galileo 


(e) Parkinson. 

Current assets include 
(a) manufacturing plant 
(b) manufacturing plant and equipment 

(c) inventories 

(d) common stock held by the firm 

(e) all of the above. 

The objectiv i i j 

fet be ti eof bri As to determine the time 
(a) fast worker 

(c) slow worker 

(e) any one of the above, 


(b) average worker 
(d) new entrant 
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Job enrichment technique is applied to 
(a) reduce labour monotony 
(b) overcome boring and demotivating Wo 
(c) make people happy (d) all of the above 
(e) none of the above. 
For ship vessel industry the following layout; 
suited 
(a) process layout (b) product layout 
(c) fixed position layout (d) plant layout 
(e) functional layout. 
In Halsey 50-50 plan, output standards E 
established ; 
(a) by time study 
(b) from previous production records 
(c) from one’s judgement 
(d) all of the above (e) none of the above. 
Routing is essential in the following type of industry 
(a) assembly industry (b) process industry 
(c) job order industry 
(d) mass production industry 
(e) steel industry. 
An optimum project schedule implies 
(a) optimum utilisation of men, machines and 
materials 
(b) lowest possible cost and shortest possible time 
for project 
(c) timely execution of project 
(d) to produce best results under given constraints 
(e) realistic execution time, minimum cost and 
maximum profits. 
Graphical method, Simplex method, and 
transportation method are concerned with 
(a) break-even analysis (b) value analysis 
(c) linear programming (d) queing theory 
(e) material handling. 
In crash programme for a project 
(a) both direct and indirect costs increase 
(b) indirect costs increase and direct costs decre?“ 
(c) direct costs increase and indirect costs decreas? 
(d) cost is no criterion 
(e) none of the above. 
Ift,,¢,, and t, represent the optimistic, 
and pessimistic time for a project, then by proba 
analysis, most probable expected time £, = 
(q) 27> 4m * tp to + 6im ttp 


z (b) 


fo + atm + ty 


8 bey 


most pr obablé 


2t, + 4tm +p 
at, + 4m P 


(c) (d) 5 
(e) Éo + 6tm + 4t, 

l grov? 
Which one of the following represents 3 
incentive plan ? 

(a) Scanlon Plan (b) Rowan Plan 
(c) Bedaux Plan 

(d) Taylor Differential Piece Rate Syste™ 
(e) Halsey Premium Plan. 
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inthe Halsey 50-50 plan, the following are rewarded 
n 


<n t good workers (b) past poor workers 
i saat average workers (d) all of the above 
e) none of the above. 


In the Halsey system of wage incentive plan, a 


worker 18 . 
(a) paid as per efficiency 


(b) ensured of minimum wages 

(e) not paid any bonus till his efficiency reaches 
664% 

(d) never a loser 

(e) induced to do more work. 

Value’ for value engineering and analysis purposes 

is defined as 

(a) purchase value 

(c) depreciated value 

(e) function/cost. 

Break-even analysis can be used for 

(a) short run analysis 

(b) long run analysis 

(c) average of above two run analysis 

(d) there is no such criterion 

(e) none of the above. 


(b) saleable value 
(d) present worth 


CPM has following time estimate 

(a) one time estimate (b) two time estimate 
(c) three time estimate (d) four time estimate 
(e) nil time estimate. 

PERT has following time estimate 

(a) one time estimate (b) two time estimate 
(c) three time estimate (d) four time estimate 
(e) nil time estimate. 

In Lincoln plan (one type of group incentive pli 

the amount of the profit which an employee on 

m addition to the guaranteed basic pay/wages, 1° 
ased on : 

la) a standard rating system 

(6) a merit rating system 

(c) a job evaluation system 

(d) his individual performance 

e) all of the above. 


of “to of the following incentive pl 
© Swing to the worker and res 


plan), 


ans ensures 4 P 
t to the employer 


» Emerson efficienc 
y plan l 
Taylor plan (c) Halsey premium plan 
) Piece rate system (e) Gilberth plan. 


ich of the following is not wage incentive pl 


differential piece rate system 
wan plan (c) Emerson plan 


Taylor plan (e) Halsey plan. wy rate 
“cording to Halsey 50-50 plan, if H = pa i ine 
will ia time and S = standard time, 
e 


(a) HA 


la 


(b) HA + (S -AH 


art 
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(c)H (S - A)H 
C i o 4 (g_ayH 


(e) HA + S-A),,, 
S . 


by pan the following ra motivates supervisors 
(a) Halsey plan n time saved by workers 
(c) Ha (b) Rowan plan 
ynes plan (d) Emerson’s plan 
(e) Taylor’s plan. 
The time required to complete a task is established 
and a bonus is paid to the worker for every hour he 
saves from the established time required. This type 
of incentive plan is known as 
(a) Rowan Plan (b) Bedaux Plan 
(c) Taylor Differential Piece rate system 
(d) Halsey Premium plan (e) Day work plan. 
One of the basic essentials of an incentive plan is 
that 
(a) a differential piece rate system should exist 
(b) Minimum wages should be guaranteed 
(c) provide incentive to group efficiency perfor- 
mance 
(d)all standards should be based on optimum 
standards of production 
(e) all standards should be based on time studies. 
In the Emerson efficiency plan, a worker receives 
only his daily wage and no bonus is paid till his 
efficiency reaches 


(a) 50% (b) 66 2% 
(c) 75% (d) 80% 
(e) 90%. 


According to Rowan plan, if H = hourly rate, A= 
actual time and S = standard time, then wages will 


be 
(a) HA 





(b) HA + Sas HA 


(S — A) 
S 


H 





o HA+ EAH 


(S-A) ya. 
(e) HA + 55 


aily wage of HA, then according 
mum daily earnings can be 


(d) HA + 


If a worker gets a d 
to Rowan plan, his maxi 


(b) 1.33 HA 
HA 
a i 5 HA (d) 1.75 HA 
or z Control policy, maximum attention is given 
n - - 
ye h consume money 


(a) those items whic 

(b) those items whic 

(c) those items whic 

(d) those items whic 7 
roper quality ass | 

Se a of the following Te 

9 

incentive plan + ieee 

(a) Halsey Premium ae ian 

ie Bedaux P (e) Taylor Plan. 

(d) Rowan 


h are not readily available 
h are in more demand 
h consume more money 


presents a group 
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EER) 
134. Bin card is used in Ng 


e best use (a) administrative wing 


s known 


125. The mathematical technique for finding th 


of limited resources in an optimum manner! (b) workshop (c) foundary sho 
as d) stores (e) assemb] 
| , , ng ( y sho 
| a) operation research (b) linear programm! s P. 
| z aioe analysis (d) queuing theory 135. Slack represents the differ ence between the 
| (a) latest allowable time and the norma] 
(e) break-even analysis. " oe EX Pectey 
i hniques provide : 
126. In order that linear programming techniques p b) latest allowable time and the earliest 
valid results 5 ihe EXDectey 
j between factors must be linear 
(a) ena etw (c) proposed allowable time and the earli 
; : est 
(b) relations between factors must be linear expected time | 
(negative) (d) normal allowable time and the latest eXDecty 
(c) (a) or (b) AE s 
(d) only one factor should change at a time, others (e) project initiation time and actual starting tine 
remaining constant 136. PERT and CPM are 
(e) none of the above. (a) techniques to determine project status 
127. The linear programming techniques can be applied (b) decision making techniques 
ri ate to — a , | (c) charts which increase aesthetic appearance of 
a) iron and stee ood processing rooms 
Neen (d) banking (d) aids to determine cost implications of project 
e) all of the above. (e) aids to the decision maker. 
128. The Simplex method is the basic method for 137. A big advantage of PERT over Gantt charts is that 
(a) value analysis (6) operation research in the former case 
w linear H ec (d) model analysis (a) activities and events are clearly shown 
Pa bada i the ‘ ses ict (6) early start and late finish of an activity are 
s -bin system is concerned wit clearly marked 
(a) ordering procedure (b) forecasting sales (c) activity times are clear 


(c) production planning (d) critical path can be easily determined 


(d) despatching and expediting (e) inter-relationship among activities is clear 
(e) none of the above. shown 
130. ia time required to complete a job is established and 138. CPM is the 
a bonus is paid to the worker based on the exact % of (a) ti i 
. . 7 a t j 
tıme saved. This type of incentive plan is known as a ane pap 
nique 


(a) Dry work Plan b) H i E 
(c) Taylor Plan 7 era ii (c) activity oriented technique 
(e) Rowan Plan. (d) target oriented technique 
131. Replacement studies are made on the following basis: (e) work oriented ctu ‘nclude 
(a) annual cost method (b) rate of return B 139. PMTP (predetermined motion time systems) 1 
(c) total life average method (a) MTM (method time measurement) 
(d) present worth method (b) WFS (work factor systems) 
(e) any one of the above. (c) BNTS (basic motion time study) 
132. String diagram is used (d) all of the above 
) l è 
ji les “ising the relative values of various 140. reign fe : in techniqu’ 
by hen | (a) prises following ma 
* where ae > MONETA are working at a place (b) method study and work measuremen 
moved Scien, rans the operator to be (c) i ethod study and time study 
(d) all of the above () nnn ww. 
133, Which of the following deprecistign ee Mathes eg 
Poors aberen be pat A system ensures , he value analysis and work measuremén ” pil 
asset every year on the book (ins ha je ii oa iiti i l fits 
depreciation every year remains constant iiia (a) organisati ‘vation = pro" 
sifu ation performance x motivat 
(a) sinking fund method (b) straight lin (b) knowled ae sa 
(c) A-B-C charging method e method is oh edge x skill = ability 
(d) annuity charging method (d) ae naa 7 ght li = ah ire 
(e) diminishing balance method. (e) performa Situation = motivan oe 
nce x resources form?” 


= organisation Pê 
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RT is the 


j 14 (a) time oriented technique 


) event oriented technique 

(0 activity oriented technique 

o target oriented technique 

(e) work oriented technique. 

The basic difference between PERT and CPM is that 

PERT deals with events and CPM with 

activities 

(b) critical path is determined in PERT only 

(c) costs are considered on CPM only and not in 

ERT 

(d) guessed times are used in PERT and evaluated 
times in CPM 

(e) PERT is used in workshops and CPM in plants. 


(a) 


144. PERT stands for 


(a) project evaluation and review technique 
(b) project examination and review technique 
(c) project evaluation and reporting technique 
(d) process execution and reporting technology 
(e) project execution and results technique. 


145. Queing theory is used for 


(a) inventory problems 

(b) traffic congestion studies 

(c) job-shop scheduling (d) all of the above 
(e) none of the above. 


146. In queuing theory, the nature of the waiting situation 


can be studied and analysed mathematically if 

(a) complete details of items in waiting line are 
known 

(b) arrival and waiting times are known and can be 
grouped to form a waiting line model 

(c) all variables and constants are known and form 
a linear equation 

(d) the laws governing arrivals, service times, and 
the order in which the arriving units are taken 
into source are known 

(e) all of the above. 


147, Queing theory is associated with 


148, 


149, 


(b) inspection time 
(d) production time 


(a) sales 
(c) waiting time 
(e) inventory. 
The reasons which are basically responsible for the 
formation of a queue should be that 
(a) the average service rate is less than the average 
arrival rate 
(b) output rate is linearly proportional to input 
(c) output rate is constant and the input varies in a 
random manner 
(d) all of the above (e) none of the above. 
Monte Carlo solutions in queuing theory are 
extremely useful in queuing problems 
(a) that can’t be analysed mathematically 
(b) involving multistage queuing 
(c) to verify mathematical results 
(d) all of the above 
(e) none of the above. 


150. 


151. 


152. 


153. 


154. 


155. 


156. 


157. 


In perpetual inventory control, the material is 
checked as it reaches its 
(a) minimum value 
(c) average value 
(e) alarming value. 
A milestone chart 
(a) shows the inter-dependences of various jobs 
(b) depicts the delay of jobs, if any 
(c) points outgoing ahead of schedule of jobs, if any 
(d) all of the above (e) none of the above. 
Bar charts are suitable for 
(a) minor works (b) major works 
(c) large projects (d) all of the above 
(e) none of the above. 
The first method invented for planning projects was 
(a) bar chart method 
(b) milestone chart 
(c) critical path method (CPM) 
(d) programme evaluation and review technique 
(PERT) 
(e) none of the above. 
Pick up the correct statement from the following 
(a) programme evaluation and review technique is 
event oriented 
(b) programme evaluation and review technique is 
not event oriented 
(c) critical path method is event oriented 
(d) critical path method is not activity oriented 
(e) none of the above. 
Pick up the correct statement from the following 
(a) critical path method is an improvement upon 
bar chart method 
(b) critical path method provides a realistic 
approach to the daily problems 
(c) critical path method avoids delays which are 
very common in bar chart 
(d) critical path method was invented by Morgan R. 
Walker of Dupot and James E. Kelley of 
Remington U.S.A in 1957 
(e) all of the above. 
Pick up the correct step used for scheduling a project 
by C.P.M. 
(a) a project is divided into various activities 
(b) required time for each activity is established 
(c) sequence of various activities is made according 
to their importance 
(d) network is drawn by connecting the activities 
and the events 
(e) all of the above. . 
The time of completing a project in network analy — 
is given by following time of the critical activity 
meeting at the final node 
(a) early finish 
(c) late start 
(e) none of the above. 


(b) maximum value 
(d) middle value 


(b) early start 
(d) late finish 
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158. The disadvantage of produc 


159. Emergency rush order can be pushed more e 


165. IfDisthe duration, ES an 





t layout is 


(a) high initial investmen 
facilities . 

(b) skilled labour to operate machines 

(c) production time is longer, 
in inventory 

(d) high cost of inspection 

(e) costly and complex production control. 


in 

(a) job production 

(b) automatic production 
(c) continuous production 
(d) intermittent production 
(e) none of the above. 


160. Routing assists engineers in deciding in advance 


(a) the flow of material in the plant 

(b) the methods of proper utilization of manpower 
(c) the methods of proper utilization of machines 
(d) the layout of factory facilities 

(e) normal route of workers through the plant. 


161. The performance of a specific task in CPM is known 


as 

(a) dummy 

(c) activity 

(e) none of the above. 


(b) event 
(d) contract 


162. Pick up the incorrect statement from the following 


(a) an activity of the project is denoted by an arrow 
on the net work 


(6) the tail of the arrow indicates the start of the 
activity 

(c) the head of the arrow indicates the end of the 
activity 

(d) the arrows are drawn to scale from left to right 

(e) each activity consumes a given time. 


163. The artifiical activity, which indicates that an 


activity following it cannot be started unless the 
preceding activity is complete, is known as 


(a) event (b) free float 
(c) artificial (d) constraint 
(e) dummy. 


164. A dummy activity 


(a) is artificially introduced 

(b) is represented by a dotted line 

(c) does not require any time 

(d) all of the above (e) none of the above. 

d EF are the earliest start 
d LF are latest start and 


lowing relation holds good 
(6)LS=LF-—pD 


and finish times, LS an 
finish times, then the fo] 
(a) EFF=ES+D 
(c)LF=LS+pD 

(e) all of the above. 


(c) duration 


(e) none of the above, (d) constraint 


t for the specialized 


requiring more goods 


ffectively 


167. The probability distribution of activity time 


168. 


169. 


170. 


171. 


172. 


173. 


174, 


175. 


MECHANICAL Enq, a 


follows following distribution 

(a) normal (b) binomial] 
(c) beta (d) exponentia] 
(e) Gaussian. 


The probability distribution of project co 
PERT follows following distribution 


(b) binominal 
(d) exponential 


sin PE f 


MPletion 
i 


(a) normal 
(c) beta 
(e) Gaussian. 


If TL is the largest allowable event occurren 
total activity slack (s) is equal to 


(a) latest start time — earliest start time 

(b) latest finish time — earliest finish time (Epp, 
(c) TL —EFT (d) all of the above 
(e) none of the above. 
The critical activity has 
(a) maximum float 

(c) zero float 

(e) none of these. 


ce time 


(b) minimum float 
(d) average float 


The time by which the activity completion time can 

be delayed without affecting the start of succeeding 

activities, is known as 

(a) duration 

(c) free float 

(e) none of the above. 

The critical path of a network represents 

(a) the minimum time required for completion o 
project 

(b) the maximum time required for completion of 
project 

(c) maximum cost required for completion of project 

(d) minimum cost required for completion of project 

(e) none of the above. 


Pick up the correct statement from the following 

(a) the float may be positive, zero or negative 

(b) if the float is positive and the activity is delay 
by a period equal to its total float, the complet 
of project in not delayed ie 

(c) if the float of an activity is negative, delay 2 3 
performance is bound to delay the completion 
project Pei 

(d) if the float of an activity is zero, the activity 
critical and any delay in its performan® 
delay the whole project 

(e) all of the above. 

Critical path moves along the activities having 

float of 

(a) positive value 

(c) zero value 


(e) none of the above. 


Critical Path Net Work helps an engineer 

(a) to concentrate his attention on criti 

(6) to divert the resources from 2° 
advanced activities to critical activities 


(6) total float 
(d) interfering float 


(b) negative value 
(d) same value 


ctiviti” 


teal 
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178. 


179. 
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(e) to be cautious for avoiding any delay in the 
critical activities to avoid delay of the whole 
project 

(d) all of the above 

(e) none of the above. 

Pick up the correct statement about relationship 

between various floats 

(a) free float = total float 

(b) independent float = total float 

(c) independent float > free float 

(d) free float > total float 

(e) independent float < free float. 

The time which results in the least possible direct 

cost of an activity is known as 

(a) normal time 

(c) crash time 

(e) none of the above. 

The technique for establishing and maintaining 


priorities among the various jobs of any project is 
known as 


(a) event flow scheduling technique 

(b) critical ratio scheduling 

(c) slotting technique for scheduling 

(d) short interval scheduling 

(e) none of the above. 

Pick up the incorrect statement from the following. 

A critical ratio scheduling 

(a) establishes the relative priorities among various 
activities on a common basis 

(b) determines the status of each activity 

(e) adjusts automatically 
progress 

(d) is a dynamic system 

(e) none of the above. 

If a is the optimistic time, b is the pessimistic time 

and m is most likely time of an activity, then, the 

expected time of activity is 


(b) slow time 
(d) standard time 


changes in activity 


a) tm+b atone 
(c) 2t4m+b atone 


(e) none of the above. 

PERT is 

(a) an analytic tool in concept 

(b) limit up of event oriented diagrams 

(c) used for research and development projects 

(d) based on three time estimates for activities 

linking up two events 

(e) all of the above. 

CPM is 

(a) synthesising in concepts 

k 13 built of activities oriented programmes 
c) is based on one time estimate 


(d) ig used for repetitive works 
(e) all of the above. 


183. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


191. 





A CPM family includes 
(a) CPA (Critical Path Analysis) 

(b) CPP (Critical Path Plotted) 

(c) MCE (Minimum Cost Expenditure) 

(d) CPS (Critical Path Scheduling) 

(e) all of the above. 

PERT/CPM techniques can be used for following 
applications 

(a) once through project (b) maintenance jobs 

(c) research and development 

(d) all non-technical jobs (e) all of the above. 

PERT analysis is based on 

(a) optimistic time 
(c) most likely time 


(b) pessimistic time 
(d) all of the above 
(e) none of the above. 

Descripancies of bar chart techniques are 


(a) consequential effects of lack in one activity on 
other 


(b) consequential effects of lack in one activity on 
the finish date 

(c) free time available for an activity can’t be 
predicted 

(d) effective monitoring/controlling can’t be done 

(e) all of the above. 

The artificial activity, which indicates that an 


activity following it cannot be started unless the 
preceding activity is complete, 


(a) dummy (b) free float 
(c) critical (d) none of the above. 
The time by which the activity completion time can 


be delayed without affecting the start of succeeding 
activities, is known as 


(a) duration (b) free float 
(c) total float (d) interfering float. 
Critical path moves along the activities having total 


float of 


(a) Positive value (b) negative value 


(c) zero value (d) same value 

Pick up the correct statement. Dummy activity on a 
PERT/CPM chart means, it 

(a) consumes time, but no resources 

(b) consumes resources but no time 

(c) consumes neither time nor resources 

(d) is a dangling event 

(e) consumes both resources and time. 


Critical path on PERT/CPM chart is obtained by 
joining the events having 
(b) minimum slack 


(c) average slack (d) no slack 
(e) judgement and experience. 


(a) maximum slack 
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192. Slack of various events on the critical p 





CPM chart 

(a) increases continuously 
(b) decreases continuously 
(c) remains constant 


(d) may increase or decrease depending on various 
factors 


(e) unpredictable. 


193. The assumption in PERT is 


(a) a project will always be behind schedule, if left 
uncorrected 

(b) cost of project will always be more than the 
estimated cost, if no timely corrections are taken 

(c)a project can be subdivided into a set of 
predictable, independent activities 

(d) activities are fixed and can’t be changed 


(e) commissioning time can be changed, if activities 
are behind schedule. 


194. Activity slack or float of any event on a PERT/CPM 


chart is represented by 

(a) latest start time of succeeding event — earliest 
finish time of preceding event activity time 

(b) latest start time of the event — earliest start time 
of the event 


(c) latest finish time of event — earliest finish time 
of the event 
(d) anyone of the above (e) none of the above. 
195. The important rule in making a PERT is 
(a) an event can’t be accomplished until activities 
leading to it are completed 
(6) no activity from any event can be started from 
preceding event till it is completed 
(c) length of arrow has nothing to do with time 
(d) every activity must be completed before end 
point is reached 
(e) all of the above. 
196. An event is indicated on the network by 
(a) a straight line 
(b) a number enclosed in a circle or a Square 


(c) a straight line with circles at the ends 
(d) a dotted line 


197. In a PERT chart 
(a) all activities should be numbered 
(b) only important activities should be numbered 
(c) only critical activities are numbered 
(d) only selected activities are numbered 
(e) no activity is numbered. 
198. Positive slack on a PERT indicates that project is 
(a) ahead of schedule (6) beyond schedule 
(c) as per schedule (d) on critical path 
(e) none of the above. 
199. Pessimistic time is 


(e) an arrow. 


(a) the Maximum time whic 


av h an activity might 
ri ra average time required for a job 
C? the most probable t; 
conditions nie 


considering all 


ath in PERT/ 


205. 


206. 


MECHANICAL ENGINE, 
INg 


(d) the minimum time in which ap activi 


possibly be accomplished 
(e) the earliest finish. 
200. In PERT analysis, critical path is obtaineg bri 
events having Joniy 
(a) + ve slack 
(c) zero slack 
(e) critical activities. 
201. The slack on various events at critical path 
(a) same as at the end point 
(b) decreasing proportional to that at the end poin 
(c) increasing proportional to that at the eng Point 
(d) maximum compared to other events 
(e) none of the above. 
202. A critical path on a PERT chart 
(a) starts from start point and ends at end point 
(b) starts from start point and may end anywhere 
(c) may start from any where but ends at end point 
(d) may start and end at any point 
(e) none of the above. 
203. Capital expenditure means 
(a) expenses incurred in acquiring capital 
(b) main expenditure 
(c) recurring expenditure 
(d) expenditure on procurement of fixed assests 
(e) expenditure on property. 
204. Sinking fund factor for n years and r = rate of interest 


(b) — ve slack 
(d) dummy activities 


Will 





is equal to 
if oe | 
(a) s (py ee = 
(1+r) -1 r 
(l+r)” r-i 
C- ae 
i r—1 (2) (1+,r)” 
Ce) a. 
(1l+,r)” 


' alent 
A rupee received one year hence is not the equiva 
of a rupee received today, because the use ° j 
has a value. This is the principle under 
(a) pay-back method 


(b) average return on investment method 
(c) present value method 


(d) discounted cash flow method 
(e) cost accounting method. 


a 
or for 
Th e equal payment series sinking fund a 
given number of years (n) is used to calcu ea 


0 
(a) equal payments to be made at the j ears i 


n 
year when compound amount a er 
given 


ts 
ayo 
de 


(b) compound amount after n years when P 
to be made each year are given pe W’ 
(c) present net worth when payments a h 
each year are given g of e” 
(d) equal payments to be made at the = t 
year when present net worth is give” gu? 
(e) present net worth when the comp oun 
after n years is given. 
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nancial decisions on any project appraisal are 


future value of money 
ent value of money 
rtunity cost of money 
@) anyone of the above (e) none of the above. 
The capital and running costs of similar machines 
having unequal service life can be compared by 
(a) present net worth method 
(b) rate of return method 
(c) equivalent annual cost method 
(d) capitalised cost method 
(e) depreciation method. 
Equal payment series capital recovery factor for n 


(a) 
(b) pres 
(c) opp? 


number of years with annual rate of return r is 
r(1+r)” (1+r)” 
_—_—— b _ ee 
Gent -1 © TP ol 
ni 1 n 
(c) Cari Ei (d) Q+r) -1 
(1+ r) r(1+ r)” 
r((l+r)" -1 
(l+r)” 
Present value of money is equal to 
FV 
a) b) FV(1+r)" 
Gan" (b) (1 +r) 
(6) FV — r} TOLA 
(1-r)" 


(e) none of the above. 
where, FV = future value of money after n years 
r = opportunity cost of money. 
Pick up the one not in conformity with others 
(a) performance x resources 
= organisation performance 

(b) ability x motivation = performance 
(c) knowledge x skill = ability 
(d) attitude x situation = management 
(e) organisation performance Xx motivation 

= profits. 
In project appraisal, the term ‘externalities refers to 
(a) extraneous elements (b) unknown factors 
(c) unforeseen factors 
(d) indirect benefits and indirect costs 
(e) items over which there is no control. 
The criterion to decide between various a 
m project appraisal is 
(a) net present value criterion 
b) benefit/cost ratio criterion 
(c) internal rate of return criterion 
(d) any one of the above (e) none of t 
The benefit/cost ratio criterion is use 
fi etween various alternatives 1n 4 project appraisa 
or comparing 
(a) identical projects 
(c) dissimilar projects 
(e) none of the above. 


lternatives 


he above. 


(b) similar projects 
(d) all projects 


215. 


216. 


217. 


218. 


219. 


220. 


221. 


222. 


223. 





eee cost comparison method is used for 
omparing alternatives having 


(a) high initial cost (b) high maintenance cost 
(c) high service life 

(d) high electricity consuming devices 

(e) high running cost. 


Internal rate of return is that discount rate which 
makes the value of net present value equal to 

(a) zero (b) 1 

(c) infinity (d) some + ve value 

(e) some — ve value. 

For a project to be feasible, internal rate of return 


should be greater than 

(a) zero (b) 1 
(c) rate of interest for loan 

(d) expenses 


(e) losses likely to be incurred. 

In project appraisal studies intangibles’ are those 

items which can 

(a) be quantified in terms of money 

(b) be quantified but can’t be converted into money 
terms 

(c) neither be quantified nor translated in money 


terms 

(d) not be considered and are usually ignored 

(e) receive highest priority. 

Simplex method is used for 

(a) linear programming 

(b) queuing theory (c) network analysis 

(d) value engineering (e) all of the above. 

Depreciation of machines is categorised under the 

head 

(a) direct expenses 

(c) receipts 

(d) administrative expenses 

(e) indirect material costs. 

Depreciation of machines, according to income tax 

regulations is calculated on the basis of following 

method 

(a) straight line 

(c) machine hour 

(e) declining balance. 

In project appraisal analysis, 

(a) used for lost items 

(b) used to convert inputs into € 
benefits 

(c) used to determine feasibility of project 

(d) taken as the basis for determining value of all 
the assets 

(e) none of the above. 

Cash discounts are reduc 


(a) sold on credit 
(b) which depends on assurance of payment 


(c) which depends on prompt cash payment 
(d) obtainable on bad debt loans 
(e) which have good bargaining capac 


(b) indirect expenses 


(b) sinking fund 
(d) rate of return 


shadow prices are 


ost and output into 


tion in price of goods 


ty of seller. 
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í system the 
ive yetion syste 
294, In a capital intensive prod 


hn stion is occupied by 
— posi nae á o) labour policy 
“aj rep ALEMENL f y 
(c) capital investment policy 
(d) material procurement policy 
(e) all of the above. . 
995, The reliability of a product can he increased by 
(a) derating 
(h) crossing infant stage 
(c) conducting life test on each part 
(d) employing burn in tests 
(e) decreasing acceptable life. 
226, Input output analysis is processed through 
(a) time and motion study 
(b) work study 
(d) product analysis 
927, Salvaging means 
(a) writing off the assets 
(b) adjusting losses against assets 
(c) mortgaging property 
(d) disposing off property which is no longer useful 
in present situation 
(e) disposing off property in as such condition. 
22%, Amortization means 
(a) liquidation of financial obligations 
(b) liquidation of an industry 
(c) commitment of financial obligations 


(d) liquidation of financial 
instalment basis 


(e) payments on instalment basis. 

229. The most flexible criteria for analysing an economic 
investment is | 
(a) present value method (b) future value method | 
(c) salvage value (d) rate of return criteria | 
(e) benefit cost ratio analysis. 

230. The shadow prices 
(a) include taxes and subsidy 
(b) include taxes and not subsidy 
(c) include subsidy and not taxes 
(d) do not include taxes and subsidy 
(e) none of the above. 


231. If) be the failure rate in failures per hour, then its 
unreliability is given by 


(c) value analysis 
(e) transaction matriz. 








(a) e (b) Me™ 
t 
ig @) —$ 
e 
1+e¥ 
(e) 
eM 


232. A system comprises of two com 


one working and other standby, 
rate of À failures per hour. The 


ponents in parallel, 
each having failure 


ig reliability of system 
(a) e-2M 
a (b) 1 — Ae-2% 
(e) (1 —e™)2 (d) 1 = (1 — e-)2 
(e) 1+ e72™ 
72M ė 





obligations on | 


Erg 
Eo 
5 R | 
‘ oe 


K 


333, In works management, theory of ¢ t 


analysis (TA) is applied to determing om atti, ! 
(a) feasibility of project 
(b) cause of behaviour of personne] 
(c) time taken for each activity 
(d) best layout 
(e) optimum returns from a project. 
934, As per behavioural science, culture of a 
script of a person or his reaction of stim 
upon his 
(a) heridetary 
(b) early brought up, training, education „. 
development = 
(c) society he keeps 
(d) own experience of life 
(e) all of the above. 
995. Free trade zone means trade between 
(a) two countries without tariff 
(b) two manufacturers without tax liability 
(c) manufacturer and consumer 
(d) manufacturer and wholesaler 
(e) two traders. 


Eag K 
tie z e. 
28) de 


236. For effective utilisation of manpower it is essex= 
to understand the need of a man to satisfy the 
The need of a person is 


(a) job satisfaction 


(6) make both ends meet z 

(c)ego satisfaction (self respect) and = 
actualisation 

(d) job security 

(e) all of the above. 


237. The important criterion for successful works 
management is 
(a) select right men and establish objectivity 
(b) create right team work (coordination of jè 
responsibility) 


(c) watch professional activities through 
feedback 


(d) watch results and take corrective actions 
(e) all of the above. 

238. MIS stands for 
(a) military inspection scheme 
(b) management information system 
(c) management intelligence system 
(d) management information service 
(e) none of the above. 


239. According to Pareto principle, an effectiv 
who 


scientifi 


omani” 


(a) can manage his boss 

(b) can manage his subordinates 

(c) can manage his colleagues 

(d) all of the above ngë" 
(e) pick up vital from the trivial many thes 


EON 
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244, 


245, 
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; national product means 
intel earning of all citizens 
r total taxes paid 
(c) expenditure by government | 
d) total value of goods produced 1n a country 
() total value of gold existing in a country. 


the first free trade zone in India was established at 


(a) Cochin (6) Goa 

(c) Madras (d) Bombay 

(e) Delhi. 

A diagram showing the path followed by men and 


materials while performing a task is known as 
(a) string diagram (b) flow process chart 
(c) travel chart (d) flow diagram 
Consider the following statements: 


In a transportation problem, North-West corner 
method would yield 


1. an optimum solution. 
2. an initial feasible solution. 

3. Vogel’s approximate solution. 
Of these statements 
(a) 1 alone is correct 
(c) 3 alone is correct 


(b) 2 alone is correct 

(d) 2 and 8 are correct 
Consider the following statements: 

Linear programming model can be applied to 

1. line balancing problem. 

2. transportation problem. 

3. project management. 

Of these statements 

(a) 1, 2 and 3 are correct 

(b) 1 and 2 are correct 

(c) 2 and 3 are correct 

(d) 1 and 3 are correct. 

Earliest finish time can be regarded as 

(a) EST + duration of activity. 

(b) EST — duration of activity. 

(c) LFT + duration of activity. 

(d) LFT- duration of activity. 

Consider an activity having a duration time of T;;. k 
ts the earliest occurence time and L the latest 
occurance time show in given figure. 


Ẹ 


E 
L 


Li 


Consider the following statements in this regard: 
- Total float = L,- E,- Tj 
. Free float = E,-E,-T; 
‘Slack of the tail event = L;- E; 
ese statements orrect 
(c) N 2 and 3 are correct (b) 1 and 2 are ¢ rrect 
and 3 are correct (d) 2 and 3 are © 


247. 


248. 


250. 


251. 


252. 


A PE 

with m network has three activities on critical path 

1, 2 and 3 _ ah a 6, and standard deviation 
ot pectively, J; 

project will the co ely. The probability that the 


mpleted in 20 i 
(a) 0.50 0) 0 e S 


Match List I with List II and select the correct answer 
using the codes given below the Lists : 
. List I List II 
A. Linear programming 1. Travelling salesman 
problem 
B. Queueing problem 2. Saddle point 
C. Dynamic problem 3. Product mix 


D. Game theory problem 4. Normal distribution 


Codes: A B C D 
(a) 3 4 1 2 
(b) 4 3 1 2 
(c) 3 4 2 1 
(d) 4 3 2 1 


. If the arrival takes place every 10 minutes with a 


service times of 4 minutes per unit, then the mean 
arrival rate, mean service rate and the probability 
that one would have to wait will be respectively. 
(a) 10, 4 and 0.25 (b) 0.1, 0.25 and 0.4 

(c) 10, 0.4 and 0.25 (d) 0.1, 0.25 and 0.1 


In a M/M/ queueing system, the expected waiting 
time of a unit that actually waits is given by 





o) 


À 
(a) TEN 


ulu- A) 
: a 
p"(u - A) 

Consider the following phases: 

1. Information phase 

2. Evaluation phase 

3. Creative phase 

4. Investigation phase 
The correct sequence of these phases in value 
engineering 1s 
(a) 1, 3, 4, 2 (b) 1, 3, 2, 4 

(c) 3, 1, 4, 2 (d) 3, 1, 2,4 
For the PERT network shown in the given a 
the probability of completing the project in 27 days 
is 


(c) 





u-A 





(b) 0.919 
(d) 0.977 
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253. Match List I with List II and select the correct answer 


254. 


255. 


256. 


257. 


using the codes given below the llists : 
List I List II 
(O.R. techniques) (Application) | 
A. Linear programming 1. Warehouse location 


decision. 

B. Transportation 2. Machine allocation 
decision. 

C. Assignment 3. Product mix decision. 


D. Queueing theory 4. Project management 
decision 


5. Number of servers 


decision. 
Codes: A B C D 
(a) 1 2 3 5 
(b) 3 1 2 5 
(c) 1 3 4 5 
(d) 3 2 1 4 


In invetory control theory, the economic order 
quantity (E.O.Q.) is 

(a) average level of inventory 

(6) optimum lot size. 

(c) lot size corresponding to break-even analysis. 
(d) capacity of a warehouse. 

The solution in a transportation model (of dimension 
m xn) is said to be degenerate if it has 

(a) exactly (m x n — 1) allocations 

(b) fewer than (m + n — 1) allocations 

(c) more than (m + n — 1) allocations 

(d) (m x n) allocations. 

The earliest occurrence time for event ‘1’ is 8 weeks 
and the latest occurrence time for event ‘1’ is 26 
weeks. The earliest occurrence time for event ‘2’ is 
32 weeks and the latest occurrence time for event ‘2’ 
is 37 weeks. If the activity time is 11 weeks, then 
the total float will be 

(a) 11 (6) 13 

(c) 18 (d) 24 

Match List-I (Charts) with List-II (Details) and select 
the correct answer using the codes 


| given below the 
lists : 
List-I 7 List-II 
A. Multiple activity 1. Work factor system 
chart 
B. SIMO chart 2. Movement of material 
C oa diagram 3. Motion analysis 
; 4. Working an idle time of 
two or more men/ 
machi 
Codes: A B C = 
(a) 4 3 2 n 
(b) 3 4 2 ; 
(c) 4 3 2 ; 


258. Match List-I (Methods) with List-1] 


259. 


260. 


261. 


262. 


263. 


MECHANICAL ENGiye, 
A 


(Ap li 


and select the correct answer using the cod ; 
below the lists : es Biv 
List-I List-I] 

A. Break even analysis 1. To provide differ 
facility at differen 
locations 

B. Transportation 2. To take action fron 

ia among the paths wig 
uncertainty 

C. Assignment problem 3. To choose between 
different methods i 
manufacture 

D. Decision tree 4. To determine the 
location of the 
additional plant 

Codes: A B A D 

(a) 4 3 1 2 

(b) 3 4 1 2 

(c) 3 4 2 1 

(d) 4 3 2 1 


Project management tools and principle provide the 

means for 

(a) project breakdown into tasks/sub-tasks and 
finding interdependence between the tasks 

(b) allocating resources, (human and material) 

(c) estimating for total project duration and budge! 
and monitoring project progress 

(d) all of above 

Work breakdown structure implies 

(a) analyse hiearchy of tasks required to onpa 
the project, breakdown each tasks into sma% 
tasks that can be managed and estimated 

(b) define task dependencies 

(c) estimate task duration and cost 

(d) all of above 

Stakeholder is one 

(a) who invests in a project 

(b) whose interest is affected in any way 
the project 

(c) monitors for timely competition of the 

(d) who represents management 

Project life cycle refers to 

(a) total estimated time from start to ° 

(6) the distinct phases to be handle 
stages 

(c) planning for start and closu 

(d) none of the above. 

Plan baselines refer to 

(a) final versions of all plans Þe 
execution starts 

(b) initial schedules to be updated 

(c) mask schedule l 

(d) PERT/CPM for project execution. 


þecaus? d 


proje“ 
letio” 
‘oct 
re of the proj” 


wt 
fore the i: 
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E yeo ` 
yM Das related to project management refers to 9 , srr 
64: rogress monitoring team 68. A project could fail due to 
b) mid level appraisal of project (a) poor project and program management 


o) risks, assumption, issues and dependencies 
4 rapid assessment including delays 
i method tries to optimise the schedule 
(a) making use of the time floats available while 
keeping costs undercontrol 
(b)make schedule activities faster b 
additional resources 
(c) by cutting down less important activities 269 
(d) by following line and five techniques 
966. A successful project manager must simultaneously 
manage following interrelated elements: 
(a) resources, time, money, scope and people product/services 
(b) contractors and sub contractors (d) completion of a mission. 
(c) management and stakeholders 270. Project management involves 
(d) men, material and machines (a) applying the ap vigor _— of — ra 
267, Various stages in project management are ae asepi e kaa using 
a) eins ene sa ener wis —— (6) application of tools/techniques available to 
(©) initiating, scoping, planning, estimating, achieves end result within given cost and time 
scheduling, executing, organising, controlling, contraints to the satisfaction of all concerned 
monitoring and closing down (c) balancing of the constraints of scope, budget, 
(c) work breakdown, deplogings, best contractors, schedules, quality, risks and resources 
optimisation, cost control, finishing (Hal of shove. 
(d) monitoring taking timely actions for cost over 
run and delays 


discipline, lack of support of top management, 
Insufficient resources 


(b) weak team and in effective team leader, and 
poor communication, and poor estimating 
techniques 


(c) poor monitoring, no risk management, inability 
to manage change, over optimism 
(d) all of above. 
. A project may be defined as 
(a) a complex task to be achieved 
(b) a new wonder to be established 
(c) a set of task/activies under taken to create a 


965. 


y applying 





| 6. (c) 7. (b) 8. (a) 
L. (c) 2. (c) 3. (a) 4. (a) = 7 14. (c) 15. (c) 16. (d) 
Bele) 10. (a) 11. (a) ae on (d) 22. (e) 23. (a) 24. (c) 
17. (a) 18. (a) 19. (a) 20. (a) w (b) 30. (a) 31. (a) 32. (a) 
25. (d) 26. (a) 27. (c) ae) = (a) 38. (b) 39. (b) 40. (e) 
33, (a) 34. (b) 35. (a) 36. (c) = (b) 46. (b) 47. (a) 48. (c) 
41, (c) 42. (d) 43. (a) 44. (d? 53. (c) 54. (e) 55. (a) 56. (a) 
49, (a) 50. (a) 51. (d) 52. (e) ' 70. (c) 71. (a) 72. (c) 
65 68. (d) 69. (b) (c) 80. (a) 
(a) 66. (a) 67. (b) i 78. (c) 79. (c À 
+ (c) 74. (d) 75. (e) i D 86. (a) : 
81, (a) 82. (b) 83. (d) 84. (d) i F 94. (a) 95. (d) 96. (a) 
b ° 93. j 104. (c) 
si (6) 90. (a) pee Pa a 101. (a) ee “i 7 112. (c) 
hi (b) 98. (d) 99. (c) E on 109. (e) 110. F ike 120. (b) 
ug ©  108.(a) Be (2) 16. (0) ae op 127. (e) 128. (c) 
by Mlo) 115. (d) ng DEt) 126.) a: tale 
w) 128, (a) 123. (d) 12 + 133. (d) a o 143, (d) 144. (a) 
y © 130. (e) 131. (e) 132. 141. (a) 142. ( w 152. (a) 
l i te) 138. (c) 139. (d) 140. (a) 149. (a) 150. (a) aen d) 160. (c) 
na 146. 147. (c) 148. (d) 157. (a) 158. (a) pe 168. (e) 
53, (, . (d) 156. (e) 166. (b) tana (e) 
6) 154. (e) 155. (e) a 165. (e) 175.(d) 176. 
g 162, (a) 163. (e) n 173. (e) pre © 183. (e) 184. (e) 
(d) : 172. (a 182. (e l 192. (c) 
i 181. (e) , 
in, b) 170. (c) 171. (c) er ne 60; fe) 191. (b) Fi (a 
85, 178. (b) 179. (e) b) 189. ) 199. (a) ; 
(d) 188. (a) 198. (a 208. (+ 
199 186. (e) 187. (a) (b) 197. (a (a) 207. (b) 
a © ) poe 205. (c) 206. (a 
0). (a) 194. (d) 195. (e 204. (a) 
202, (a) 203. (d) ten 
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209. (a) 
217. (c) 
225. (a) 
233. (b) 
241. (d) 


249. (b)* 


257. (a) 
| 265. (a) 


210. (a) 
218. (c) 
226. (e) 
234. (e) 
242. (b) 
250. (a) 
258. (b) 
266. (a) 


211. (e) 
219. (a) 
227. (d) 
235. (a) 
243. (a) 
251. (b) 
259. (d) 
267. (b) 


212. (d) 
220. (b) 
228. (d) 
236. (e) 
244. (b) 
252. (a)* 
260. (d) 
268. (d) 


213. (d) 
221. (e) 
229. (c) 
237. (e) 
245. (a) 
253. (a) 
261. (b) 
269. (c) 


EXPLANATORY NOTES 


214. (c) 
222. (b) 
230. (c) 
238. (b) 
246. (a) 
254. (b) 
262. (b) 
270. (d) 


215. (c) 
223. (c) 
231. (c) 
239. (e) 
247. (c)* 
255. (b) 
263. (a) 


216, (a) 
224. (a) 
232, d 
240, (d 
248, (, 
256, (c 
264, (c) 





247. 


The standard deviation of all activities on critical 


Ocp = Jo? to + G9" 
= J12 422492 =/9 =3 


path 


Probability of project completion in a given time 


p= 9(Z) 


where 


ga Seen ume eun of mean time of all acfivities) 


7 20-(8+8+6)_3_, 
ag a a 


3 


Ocp 





Plot of Z vs. probability looks as shown in fipur 
Corresponding to Z = 1, p = 0.84. This (¢) jg right 


choice. 
249. A= =0.1 pe 
10 o 4 


252. Critical path is 1-2-4-5 


= 0.25 and P = A 
u 


t, = expected project time = 5 + 14 + 4 = 23 days 


Area for 





Z = 1 is 0.341 
Probability 0.5 + 0.341 = 0.841. 
256. Total float = 37 — 8 — 11 = 18 days. 
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5 wv 


deterioration, assessment of condition and determining 
maintenance requirements* This helps in reducing failures, 
cost reduction and increased reliability. In risk driven 
maintenance, risks from failures are determined and 
maintenance actions are evaluated for their cost effectiveness 
in risk minimization. Generally, safety risks are evaluated 


ç oF MAINTENANCE 


intenance is a combination of actions. As defined 
p tionary it is ‘an act of keeping something in good 


., 0510 m j repairing it regularly’ i 
inot. py checking or p g gularly’. Maintenance 
ified into four levels. Each industry may be 


] ] 
lass a 


can ving one or all 


follo | Level zero. The organizations and individuals are on priority followed by economic risks. Continuous evaluation 

B d to be following ‘level zero’ when they do not of program effectiveness and addressing the gaps to increase 
consider their equipment and allow them to run as jonais the effectiveness of maintenance is part ofliving program 
maintain ical example for this level is ‘fountain pen’ ii 


bey ood by all individuals, ‘use and discard’ is the 
pam This strategy 1S successful for simple equipment. For 
somplex systems this may be an unviable strategy. 

9, Level-One. Individuals or organizations who follow 
the principle ofact only after a failure’ are classified in 
this category: Examples of this category of maintenance are 
most of the domestic equipment. They are simple and this 
strategy helps achieve the reliability at optimum cost. Can 
this strategy be applied for industries? It is best for simple 
systems. For complex industrial systems, the strategy may 
work. It may not be economic as the consequences of failure 
could be very high. 

3. Level two. At level two, organizations or 
individuals who take up some preventive actions are 
dassified. Preventive means taking an action, generally a 
replacement, near the end of the life of equipment. Through 
the observations over the life cycle of equipment, it is possible 
to know ‘age or life span’ of some of the equipment. Materials 
particularly subjected to wear with time are the most suitable 
for this type of strategy. Periodic replacement of these 
components can avoid failure incidents. One of the 
advantages of this approach is that it improves equipment 
availability. The characteristic of this level are that it is easy 
toimplement. Experience, analysis of history and common 
sense are used to define the schedules. A degree of flexibility 
can be exercised while scheduling this type of maintenance. 
This strategy is also best suited for the maintenance of simple 
and identical pieces of equipment where large amount of 
Statistical data is available. 

_ Preventive maintenance under Level-2 strategy has 
given good results to the industry. Most of the time, schedules 
are guided by recommendations of manufacturers. However, 
individual vendor manuals may be limited to the data 
‘vailable on their product and therefore there remains scope 
improvement. This also limits the extent of benefits which 
tan be realized through Level 2 strategy. 

i 4. Level three. Level 3 is presently highest level of 
aintenance, It involves achieving and maintaining Pre 
„ermined performance standards, which is beyond keeping 
ied Coe Understanding the degradation Oa 
be suring and controlling it, sustains the performance. © 1S 
el of maintenance is characterized by Predictive 
ime nance, Risk Based Maintenance and ensuring 
plementation of these programs as living programs. — 
‘ Predictive maintenance is about using appropriate 
‘suring methods to ascertain onset or progression Q 


STRATEGIES FOR COMPLEX SYSTEMS 


A complex system consists of many equipment with 
each equipment consisting of many components. Each 
component may have a different mechanism of deterioration 
which requires a different strategy to maintain. In each of 
the equipment there are components for which Level 0 or 1 
strategy may be the most suitable. For example, ‘springs’ in 
a mechanical system undergo ‘creep’ or permanent 
deformation after being used for long time and are discarded 
whenever machine is opened for repairs ( level 0 or 1). In the 
same mechanical system, there may be rotating components 
such as shaft which are monitored by various diagnostic 
technologies, either with on-line instrumentation or portable 
instruments to ascertain their health and determine cause 
of deterioration. The maintenance requirements are guided 
by the results of such assessment (level 3). In the same 
equipment, bearings may require time based replenishment 
of grease after it has deteriorated or served its useful life 
(Level 2). No single strategy can provide success in a complex 
system It is the mixture of strategies which will fulfil the 
maintenance requirements of a complex sysem. 


MAINTENANCE TASK DEFINITIONS 


Based on the strategy being followed, various 
maintenance tasks are performed. This section discusses the 
definitions of maintenance tasks being followed in industry. 

1. Corrective Maintenance. The tasks performed 
in Level 0 or Level 1 strategy are classified in this category. 
Corrective maintenance refers to maintenance actions done 
after an equipment failure is detected. It is reactive 
maintenance’ and also referred to as breakdown 
maintenance’. Corrective maintenance (CM), Pa 
Maintenance (RM) and Breakdown Maintenance ( vato 
various names used for these tasks. wae rpg 

maintenance require immediate are eae. sei 
safety concern or an impact on pian eae a 

ective maintenance is called emergency "” meagre 
oil corrective maintenance 1s done immediately 


j intenance 
detection of a failure. Generally, ejmen a ie see 
needs are prioritized 


la 
and performed on a pia ce, When 
npe tive maintenaner. 
riority over preven? ~, st due or 
a often eee PM activities which ee oot aan 
for shich the nature of the CM includes m 
or W 
d. The term 
steps are also clubbe (PM). ihi 
° 9, Preventive Maintenane ay definitions oF 


j has m 
preventive maintenance (PM) 
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i E duled 
connotations. Here, it is used to mean regular sche 
‘ons or routine 


maintenance activities (such as inspectl Me 
servicing of equipment) or planned maintenance ea 
aimed at avoiding or reducing failures. This class o 
maintenance is aimed at taking action before the equipment 
breaks. Tasks performed in Level 2 strategy are classified in 
this category. 

Some of the PM activities are mandatory, (performed 
to meet safety, regulatory, and personnel safety requirements 
such as boiler certification). All other PM activities are 
discretionary. 

Time-based (Time-directed) 
maintenance is called periodic maintenance. Other 
names for this include planned maintenance, scheduled 
maintenance, and routine maintenance. In this case, 
maintenance actions are taken at fixed intervals or at a fixed 
number of operating hours or operational cycles to eliminate 
known or expected failure modes/mechanisms. 

Examples of planned maintenance activities are: 

e Changing oil at specified intervals to preclude the 
potential for bearing failure from contaminated or 
degraded lubricant 

e Replacing motor bearings after a specified number 
of operating hours to preclude motor failure as 
result of bearing failure 

e Conducting a tear-down inspection and overhaul 
of certain high-voltage motors periodically to 
preclude failures from causes such as a cracked 
rotor bar , loose braces or wedges, or high levels of 
moisture in the winding insulation etc. 


preventive 


Preventive maintenance actions are directed at known 
or postulated failure modes to reduce failures. Some view 
PM as a means to eliminate failures. It is not always true. 
Evidence shows that, sometimes, PM activities can increase 
failure. 


3. Predictive maintenance (PdM). Tasks 
performed in level 3 maintenance are classified in this 
category. Condition monitoring, assessment, and trending 
are some of the other names used to refer to it. These terms 
are used interchangeably, although they are not synonymous. 
Condition-based monitoring is just what it sounds like, that 
is, monitoring the condition of a piece of equipment through 
one or more techniques, such as visual inspection, vibration 
monitoring, or temperature monitoring, and making 
determinations about its capability to perform as specified. 
Monitoring or measurements is only ‘data collection activity’. 


Condition assessment is the analysis or engineering 
evaluation part of condition monitoring. Trending is one of 
data analysis methods used in condition assessment. 
data analysis methods used in condition assessment 
pattern recognition, correlation, test against limits or 
8, Statistical process analysis. 


; i, Predictive maintenance encompasses condition 
oring, condition assessment, and decisions regarding 

when and what maintenance should be performed to restore 
equipment capability to the desired condition. Predictive 












MECHANICAL Even 
E 


In simpler terms, Condition-baseg ie 
maintenance is called predictive maintenance yy enti, 
collection has to be periodic, time based to enable conti 
assessment through trending, correlation, patt em rei 


etc, and some utilities classify PdM as one of the pt iy 
W 


orders. ork, 


“Predictive Maintenance” is associat 

. ‘ ed p: 
methods intended to provide an effective surveillane vith 
service testing for equipment while not rę © OF i, 
disassembly. The monitoring is undertaken with ia 
line’ or portable equipment on a running mane 
Surveillance by Operators is also a type of Monitoring wh e, 
indicates the condition of equipment and is considere de ch 
of condition monitoring or predictive maintenance tasky 
Predictive maintenance term was originally used for electro, 
mechanical equipment (rotating machines) where jp fe 
condition assessment, many tests have to be performed g. 
line’ (without disassembly) and traditionally, off-line test 
for such machines have been part of ‘predictive maintenance’ 
For condition assessment, non-destructive (NDT) inspections 
generally require disassembly and traditionally not 
considered PdM method or tests. 

Failure finding Tasks. One of the variations of the 
Predictive Maintenance Tasks is ‘Failure Finding task’. As 
the name suggests, this task is performed to identify failure 
causes or failure mode once an abnormality ahs been 
observed. These tasks are part of trouble shooting. All 
predictive maintenance techniques and technologies can also 
be used for trouble shooting or failure finding. The major 
difference between the two is of scheduling. The failure 
finding tasks are unscheduled and triggered by observation 
of an abnormality in operation, machine or system. Contrary 
to it, all predictive maintenance tasks are scheduled at 4 
specific time interval to identify incipient faults. 


4. Pro-active Maintenance (PAM). Proactiv 
maintenance is the process of learning from past maintena 5 
problems, events or maintenance work. It determines t 
activities which eliminate or reduce future maintenant? wor 
and improve equipment reliability. 


It complements predictive maintenance 
is an important element in balanced maintenance 
in fossil plants. It starts with work clos!? 
recommendations are made for actions to avoid suc cess 
Root cause analysis (RCA) is a natural part of P 
which is applied on bigger/repetitive problems. "bles 
or scientific RCA determines most basic reason 4 ends 
which is in the control of management an ree? 
effective corrective actions. 


Cost effectiveness Hierarchy. Cost of main aot 
has always been of concern to any industry. A me ormin 
task is considered Cost-effective if the cost of pe ific peril 
task is less than the cost of the failure over 4 $P formed W 
of time. The non intrusive tasks like the ones P° ce, al 
operators (surveillance), predictive maintenan 05 
finding are more cost effective. In comparist 
preventive maintenance tasks which are ae sive ai 
higher costs. Among the time based tasks, "com ive 
which require opening of machine are cost 
non-intrusive one like greasing of bearings: 
maintenance tasks are the costliest 4° 


process and 
ro 
: whe! 


me s 
A 
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NuFACTURING INDUSTRIAL AND MAINTENACE ENGINEER! 
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ces are very high. In terms of cos 


from high cost effectiveness to low effectivness 


onsequem 
the tasks can 


þe listed as. 
e Level 3 Strategy: surveillanc 
ec e ta we 
monitoring tasks, Predictive LT poe 
Finding Tasks » Mailure- 


e Level 2 Strategy: Preventive Mai 
; aint ; 
Directed Taske dondiiitucive enance or Time- 


o Level2 Strategy: Intrusive Pr l 
eve . 
or Time-Directed Tasks ntive Maintenance 


e Level 1 and Lev 
maintenance E sili Corrective 
Reliability Centered Maintenance (RCM) ; 

logical approach for development and management of officie f 
maintenance programs for compled equipment aim 
achieving the inherent safety and reliability aiae of 
equipment at a minimum cost for complex lan i 
andmachine, preventive maintenance prove to be cost a 7 
make the running of plant non-profitable. A new ap cach 
has emerged which employ a decision tree model which 
consider a structured, systematic blend of experience 
judgement, and operational data/information to identify sid 
analyze which type of maintenanace task is both applicable 
and effective for each significant item for a particular type of 
equipment. Since its inception, RCM has been used 
extensively by the aircraft, space, defense, and nuclear 
industries, among others. RCM is a time consuming , resource 
intensigve process. Many practitioners have tried to reduce 
the amount of time and resources required to accomplish 
RCM projects with varying degrees of success. 

RCM Methodology. Primary goal of RCM is to 
preserve equipment/system function. To achieve this, RCM 
considers that each maintenance task is generated for an 
identifiable and explicit reason. Also, each maintenance task 
i the basic causes of system failures and ensures 
i there are organizational activities designed to prevent 
o predict them, or mitigate the business impact of the 
a ional failures associated with them. The consequences 
th ach failure possibility are evaluated, and the failures are 

en classified according to the severity of their consequences. 
hen for all significant items- those whose failure involves 
operating safety or has major economic consequences 
t oposed tasks are evaluated according to specific criteria of 
Pplicability and effectiveness. The resulting maintenance 
ae am thus includes all the tasks necessary to protect 
ety and operating reliability. 
Sats Ket Attributes of RCM. The principle’s of 
aman maintenance stem from a rigorous identi 
Ri ca items and examination of seven ques 
en taken for granted: 

1. What are the functions and associa 
dards of performance of the asset in its presen 
erating context (functions)? 

2. In what ways can it fail to fulfill its function 
tional failure)? 

3. What causes each functional failure (failu 

4. What happens when each failure occurs 
fects)? 


reliability- 
fication of 
tions that 


ted desired stan- 
t op- 


(func- 


re modes)? 
(failure ef- 


quences)? 


. What should b 
e done to predict or pr 
event - 
ure (proactive tasks and task intervalai? each f 


581 





In what 
way does each failure matter (failure conse- 


Oi i found (default actions)? 
equipment « nen Equipment Failures. Functions of an 
ystem are typically categorized as primary 


and secondary functions 


Wh j 
at should be done ifa suitable proactive task can- 


. Primary functions of a system are 


tho i : 
come een for which the system was acquired. For 
sia Het oes ae of a feed water system is to 
} ater irom the dearator to the boiler 
' per desi 
ee The secondary functions are those that ae 
primary but that must also be satisfied. 
Functional Failure. There are two types of failures. 


There are functional 
Functional failures are 
potential failures are 


failures and potential failures. 
usually found by operators, and 
usually found by maintenance 


ale ries Failure to meet the standards defined in a primary 
unction would constitute functional failure of the primar 


function. 


Failure Mode and Effect Analysis (FMEA). 
Answers to questions like ‘What Causes Each Functional 
Failure?’ and ‘What Happens When Each Failure Occurs?’ 
constitute the FME A. The cause may be the failure of some 
equipment part, but it can just as easily be a failure in some 
human activity. It is very important to describe these causes 
or failure modes in a way ihat allows us to create a living 


program for improving a 


sset management. 


Failure Effects clearly describe what happens when a 
failure occurs and what events are required to bring the 
process back to normal operating conditions. Different things 
can happen when a failure occurs. Not all failures are created 
equal. When listing failure effect statements we should fulfill 


the following criteria: 
1. Events that led 


up to the failure—Any immediate 


notable effects of wear or imminent failure 


9. First Sign of Evidence—Is the failure evident to the 
operating crew as they perform their normal duties? 


If so explain how. 


4. 


detected, diagnosed, a 


operator 
environmental impact. 


identified for component 
Failure causes are identi 


to assign appropriate 
failure causes. 


function analy sis an 


occurrence of those 
captured in the primary 
are captured in the seco 


of a given equipmen 
failure for the equipmen 


without significant functi 


Criticality Analysis. I 
ivi i intenan 

driving element in all main 
t failure but the consequen ma i tees 


Secondary Effects—The effects of failure on the next 
higher indenture level under consideration. 
Events Required to Bring the Process Back to Normal 
Operating conditions 
In RCM, operator action in respo 
explicitly credited. In certain ins 


nse to events is 
tances, failures can be 
nd successfully mitigated by the 
onal, safety, or 
in RCM are only 
s that are determined to be Critical. 
fied at a level that makes it possible 


tasks that would preclude the 
Evident failures are 
d hidden failures 


Failure causes 


ndary function analysis. | 
n RCM, it is recognized ksk 

‘sions is not the failure 
Area nces of the 





whole. 


t and system as 4 7 
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nsists of 

ntext, the process for defining consequence “i aana 
parra the equipment into object categories n 
a critical) to identify those items that seme Pe 
study, Identifying significant items, those W 


; the 
i c consequences for 

have safety or major economl wi 
jia me as a whole, and ail hidden functions, which ae 
" choduled maintenance regardless of their sign! 


critical items). . 
) Task Selection. The final step in RCM is to eon 
applicable and cost-effective maintenance tasks. m0 
selection also takes into account factors such as compo 
design, operating environment, frequency of use, o 
age, operating mode (normally operatıng versus standby), 
component replacement cost, task cost, etc. These factors are 
qualitatively assessed during the task selection process in 
RCM. In selecting the task, cost effective hierarchy 1s followed 
which results in least cost maintenance. The RCM 
methodology places great emphasis on the interaction 
between the operator and the equipment. As such, condition- 
monitoring tasks (operator rounds) are judged to be the most 
important task type. Operator rounds are non-intrusive and 
are relatively inexpensive to perform. Furthermore, operators 
have a great sense of equipment condition due to their close 
proximity to equipment. Predictive tasks are next on the task 
type hierarchy. These tasks are non-intrusive and can be 
used to identify the onset of failures so that proper action 
can be taken to minimize consequences. 


ERGONOMICS AND HUMAN FACTORS OF DESIGN 


Consideration of human aspects is very important 
since every design is to be used or controlled by human beings. 
A good designer should always seriously think of the man 
machine system. Efficiency of any system to a great extent 
depends on the comfort of human operator and as such it 
becomes essential to keep in view the limitations of the 
human operator. The ease with which he does the various 
operations—moving of levers, seeing dials and receiving other 
signals, the fatigue that human body gathers while doing 
these operations, the environmental conditions, heat, noise 
humidity, safety considerations etc. need Seriaie 
consideration. The subject dealing with human aspects of 


design and his working environment is known as ergonomic 
design. 


a Ergonomics is an activity which has developed from 
_ study and the aim is to improve the working 
ronment such that the operator fatigue and strain is 


a whole is improved. 
e study of the relation 


on Seat heights 


Rees etc. 
© Of differen » ete., be 


t height. 





hws 7 y 


| 


ERGONOMICS 
should be borne in mind that a hy 

A» lot of adaptability and flexibility and thus the boi; 
of bad working conditions may not be apparent immed 
but ultimately they would effect the efficiency bad] ely 
optimum conditions have been established by the y 
methods based upon which the following basic princip 
been evolved which should be considered by desi 
system involving operator : | 

(i) As far as possible the designer shoul ET 
‘sitting position at work’. When it is impossible to cong; É 
the sitting position due to the nature of work, then , ih 
standing position should be considered. 


(ii) All the unnatural body positions should be avoided 
for reduction of body fatigue. In cramped working postures 
or by stooping the body, the muscles are in a constant state 
of tension. 

(iii) For tiring work such as holding a weight with arm 
stretched; supports lined with soft rubber or felt should be 
provided for elbows, and arms and hands. 


(iv) Since continuous use of one hand leads to fatigue, 
both the arms should be used, as far as possible. 


(v) The height of working area should be properly 
chosen both for sitting and standing postures of the body. 


(vi) As far as possible, torsional loads should be avoided 
and the number of groups of muscles required to perform a 
work should be minimised. 


(vii) Most frequent movements of hands should be as 
close to the body as possible. Working implements, levers, 
hand grips etc. and work layout in the sitting condition should 
be arranged accordingly. 


(viii) The working load on limbs of human body should 
not exceed their load carrying capacities. The full capacity of 
limb should be used only for a short duration. Different loads 
can be applied at different angular positions of the limbs. 

(ix) Adequate light should be provided on the working 


area but glare, naked light sources or highly reflectir. 
surfaces should be avoided. uld 


` Ade 
Esearg 


les have 
gner fora 


(x) The tasks requiring constant visual control sho 


be so located as to allow a comfortable head position to 
operator. 


h 
(xi) Systems calling for use of knob, or lever a a 
button etc. should be properly designed for efficient com 


(xii) The sizes of levers, hand grips, dials, 

also have influence on the efficiency Torit Dials 0" od 
signals are provided to enable operator know the stat se 
operating condition of the system and on the basis of pe 
he can alter the machine performance by moving ee i205 
other manipulating devices. Hence proper location and al 
of dials so that these are clearly and easily readable, of 
proper location of various switches and levers f° ns 
manipulation deserve full attention. 


uted 
(xiii) Information from the system may be transmit 
to the operator in any of the following forms; visu?” yjgyal 
Sound, subsonic vibration, heat, smell and taste: sion 
information comprises the shape colour an instr? 
which can be literal, graphic or symbolic. 
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y) The principle of consistency of mo 
allowed in design of all systems. 
strict! lockwise the input to the machi 
wheel , dle of the meter indicating suc 


pe : 
“A move clockwise. 
a 


tion should be 
If by turning a head 
ne is increased then 
h an increase should 


NOISE 


Noise is the most disturbing factor and affects the 
efficiency of the operator. Noise is very annoying and distracts 
the concentration. The risk of accident increases in noisy 
environment. Very often noise is generated by vibrations 
which cause a rapid rise and fall in the pressure of the 
surrounding air. These pressure changes travel through the 
air in the form of waves. The intensity of sound or loudness 
is measured in terms of decibel (dB) and its frequency or 
pitch of noise in hertz (Hz). While violent and unexpected 
noise is not harmful, but the less intense noise at around 
4000 Hz when heard continuously can impair the hearing 
power. The combination of intensity and frequency, and 
period of exposure need to be considered to avoid damage to 
operators. 

Best way to tackle noise is at the 
design aspect is most important. Machin 
vibrations should be mounted on anti-vibration mountings 
to prevent transmission of vibrations. Exhaust parts 
producing noise should be connected to silencers to reduce 
noise. Sometimes it may be necessary to enclose all the parts 
ofa machine in a sound proof booth. Sound level is reduced 
considerably by applying sound proofing materials to the 
Walls and ceilings. These materials are (i) insulating, 


generally dense and non-dense (ii) absorbent, light and 
porous, 


Source and thus 
es giving rise to 


THERMAL COMFORT 


Efficiency of an operator improves if temperature, 
humidity and rate of air movement (0.15 m/sec) are controlled 
the surroundings in which he has to work. Thus design of 


“ating, cooling and ventilation systems need to be considered 
y designer. 


LIGHTING 


Lighting is also an important aspect for the working 
iment. Efficiency is generally high if light is controlled 
sirable level which is satisfactory and comfortable to 
Perators. Lighting level of 160 lux is considered as 
mum in all work places as a general amenity. In machine 
PS, this value is 220 lux. An important aspect in design of 
Sating System is avoidance of glare which causes lot of 


t “comfort, The positioning of lighting source is important 
? avoid glare, 


enviro 
atad 
e o 
Mini 
Sho 


STANDARDISATION 


It is advantageous to use standard elements in design 
na anical systems because they can be obtained readily 


b economically from the market. The replacement also 
“comes easier. 


Qua); Standardisation results in following E aia ae 
ty , reliability, interchangeability, availability, an 
Nlety reduction. 





Standardisation 
design effort by excl 
alternatives. 


at design stage results in saving on 
uding non-standard unnecessary 


Standards cover a wi 
mendations on size of drawi 


tolerances, materials, elements, 
testing. 


de field and include 
ngs, notations, dimensions, 
machines and methods of 


HUMAN PERFOR 


MANCE EFFECTIVENESS WITH 
STRESS (ANXIETY) 


Human performance and reliability is affected by 
stress or anxiety. Fig. 11.7 shows an approximate relationship 
between human effectiveness and stress. Obviously at high 
Stress, effectiveness is low and high probability of making 
human error. It will be noted from Fig. 11.7 that no or low 
Stress is also not good. The maximum effectiveness is 
observed at moderate stress. The reason for low human 
effectiveness at low stress is that tasks involving low stress 
are dull and unchallenging which introduce boredom. Hiot. 


stress results in worry, fear or other psychological stress aad 
human performance declines. 


YO c 
o O 
c T 
® 
= | 
Oo ! 
i: i 
= l 
an] | 
= l 
| 
= = | 
~ | 
Low Moderate High 
Fig. 11.7 


Stresses may be on account of (i) work overload (job 
requirements exceed individual’s ability) or work under load 
(due to lack of any intellectual input, or lack of opportunity 
to use individual’s expertise and skills, or job of repetitive 
nature) (ii) occupational change, (iii) occupational frustration, 
(tv) other factors like high noise, poor lighting etc. 

The probability of occurrence of human errors also 
increases when the limitations of human to perform a specific 
task are exceeded. It is therefore important to understand 
the limitations and characteristics of human beings and 
consider them properly during the design phase. 

Since stress can manifest itself in the form of various 
diseases it is important to understand reasons for stress and 
the nature of works which cause stress. 

A person feels stressed when he is unhappy with 
present job, he has to work with a boss having unpredictable 
temperaments, has serious financial bes Ena ponr 
promotion aspects; domestic unhappiness, poa nenit ; paor 
knowledge and expertise of the work; ae w bu = 
extremely tight schedules; excessive deman ja om. p , 
doing a job below one’s ability and experien ; it te 

The nature of works which cause stres oe 

tion to take corrective action; 
Inadequate feedback informa sails decisionmaking 
to make two or more comparisons qu , 


eed; 
time is short ; some steps have to be performed at high sp 
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long sequence of steps is to be executed to perform a F 
ob involves prolonged monitoring; more than one display 
re cumbersome to discriminate; to operate more than one 
ontrol simultaneously at high speed; to take decisions on 
he basis of data collected from various sources, etc. 


Mathematical models have been developed to compute 
human error occurrence and human performance reliability 
function. 


HUMAN ERRORS 


A good percentage ( 20-30%) of all equipment failures 
can be attributed to human failures. Thus the overall 
reliability of a system is affected because humans have some 
probability of performing their tasks incorrectly. Most of the 
human errors occur because humans are capable of doing so 
many things in many diverse ways. Human errors occur due 
to inadequate training or skill, poor equipment design, 
improper tools, inadequate lighting, high noise, dusty and 
warm environment, inadequate work layout and crowded 
work space, poor motivation, poor understanding of operation 
and maintenance procedures, complex task, poor 
management and lack of communication etc. 


Human error probability (a measure of human 
performance) can be defined as rates of the total amount of 


known errors of a given type, to the total amount of 
opportunities for the error. 


METHODS TO PREVENT HUMAN ERRORS 


(i) Man-machine systems analysis method. This 
method is found to be useful in lowering unwanted effects 
due to human errors. This method prescribes following steps: 


— The functions and goals of the system must be 
clearly defined. 


— Improve the environment of operator. 


— Impart proper training. Provide motivation. 
Evaluate the skills of job and type of experience 
called for. 


— Clearly define the tasks and job to be carried out. 


— Perform analysis of tasks and jobs to find potential 


error-likely conditions and other associated 
difficulties. 


— Determine estimate for occurrence of each potential 
error. 


— Determine estimate for the likelihood of each 


potential error remaining undetected and 
uncorrected. 


— Determine estimate for the consequences of each 
undetected potential error. 


— Make recommendations for change in the system 
— Re-evaluate the system after changes. 
(ii) Error-cause removal program 
based on preventive measures. It als 
Satisfaction because workers participation i 
method. The error and error-likely situati 


—This method is 
o improves job 
S required in this 
ons and accidents 
he workers, based 
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MECHANICAL ENG 
| 
HUMAN—RELIABILITY ANALYSIS METHop 


Since human link is invariably associ 
system, and the predicted reliability of total g 
take into consideration the reliability of human ¢ 
methods to evaluate latter are required. Various 
for this purpose are : 


lem 


e technique for human error rate Prediction 
e probability tree method 

e throughput ratio method 

e personnel reliability index 

e block diagram method. 


Humans interact with engineering systems in man 
ways. Human error is very controversial and important topic 
in reliability engineering while all human errors do not 
necessarily cause system failures, yet some can cause more 
significant failures than others. Human error in engineering 
systems in mainly due to maintenance errors or 
misinterpretation of displays and wrong control action. 
Various mathematical models are used to perform reliability 
and availability analysis of various types of engineering 
systems with human errors. 


HUMAN FACTORS 


IN MAINTENANCE AND 
MAINTAINABILITY 


Human factors play an important role in both 
maintenance engineering i.e., keeping an equipment in 
working order (may be by repairing a failed unit) and 
maintainability (implementing principles for future repairs 
at design and development stage). 


The three activities involved in maintenance are fault 
diagnosis, remedial action and verification. The approximate 
time ratio devoted in general on these three activities 18 0 


the order of 70 : 20 : 10. The important aspects of humans for 
maintenance are : 


° Proper training and experience—People must hav’ 


greater aptitude, morale, emotional stability and 
work experience 

Capability to diagnose errors—Only detective pe 
should be identified and removal 

Proper maintenance data recording diog 
Proper handling of equipment—Imprope! hat 
can lead to premature failures 
Maintenance of proper environment (temper? 
dust, fatigue, tools, inventory, etc.) 


MAINTAINABILITY CRITERIA 


ture 


: ent 

The main criteria of maintainability of an en os : 

is that it must have high availability, mean time $ c : 

the fault should be minimum, it should be possible ga tiv? 

mean time between failure by undertaking Pre ritet” 

maintenance at regular intervals. Maintainabili y oe 
has to be defined by the user and dependent on the 
complexity of equipment/system and the require | 

availability and reliability, the maintainability rem gyste™ ) 

have to be suitably incorporated in the desig” A cudi”? 

Achievement of operational requirements ed a 
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ING. INDUSTRIAL AND MAINTENACE ENGINEERING 
UR 

gacT . i an 

ANU ieee uirements in design within specified 
ot abl ad costs is a responsibility of the designer. 
pa”. ot inability studies should be performed during 
us en to satisfy maintainability criteria and 


ntenance concept, which is concerned with 
- ce support planning, is also an important aspect 


quipment and its test devices, etc. 
the € 


For an optimum design and to achieve the lowest life 

le costs, it is essential that designer develops in parallel 

i maintenance concept and the maintainability 
requirements. 


MAINTAINABILITY DURING DESIGN PHASE 


Maintainability is a part of design process. 
Maintainability analysis is carried out at 

(a) preliminary stage and (b) detailed design stage. 

Various analyses required during preliminary stage 
include: 

(i) Maintainability requirements. These are defined 
early both qualitatively and quantitatively in terms of 
specific functional, performance reliability, maintainability 


and safety requirements and then interpreted in terms of 
design tasks. 


| (it) Maintenance concept. It provides for the practical 
basis for design, layout and packaging of the equipment and 


its test equipment, the proposed methods of repair, necessity 
of spare parts, ete. 


(iii) Maintainability feasibility estimation. It is 
shen with the identification and estimating duration of 
ominant corrective and preventive maintenance tasks. 
oft = Maintainability allocation. It relates to the process 
metion Te System maintainability requirements to lower 
Maintainabiin a Attempt should be made to improve the 
Of parts to a characteristic by better diagnosis, easy access 
te. All ide an, concept of modularisation facilities, 
ed inie — potential maintainability problems are 
Other primar ing to their impact of system availability or 
“Ty Operational requirements. 
Phase Meg activities performed during detailed design 
> aloes maintainability predictions (assessment of meeting 
0 


areas fi : maintainability requirements and identification 
ti) Modification/ change; 
"currence o paratio 


(iii) desi 


n of guidelines and checklists to prevent 
equently observed maintenance problems; 
-a 8n trade-off studies; 

dia i oth 


Bostic er maintainability analyses (like address 
“ati of requirements, diagnostic effectiveness level, 
i €ase of maintenance, maintenance task 
A » Ski]] analysis, etc.) 


tya, Ther 
dig S © are severa 


. l methods to perform maintainability 
! Ne of these are - 





(i) Functional level maintainability diagram. This 
method consists of breaking down an equipment into various 
levels beginning with the highest level and continuing down 
to levels at which faults can be localised and sub-items 
replaced, repaired or adjusted. The functional analysis 
provides a description of major item functions and defines 
the equipment arrangement concept. The diagram indicates, 


the replaceable and repairable items and also indicates the 
fault localisation, isolation and test points. 


(it) Failure Mode and Effect Analysis (FMEA). It 
identifies the way of occurrence and the causes of all possible 
item failures. The analysis provides an input to 
maintainability predictions by identification of failure modes, 
their frequency and the subsequent maintenance action 
required. It facilitates maintainability allocation process. It 
also serve as a basis for design and location of condition 
monitoring and fault sensing devices and development of 
automatic test and diagnostic procedures to minimise 
corrective maintenance downtime. 

(ut) Maintainability allocation. This is the process of 
determining target maintainability values for various units 
of the equipment, considering the relative complexity of units 


involved and the overall maintainability requirement for the 
item. 


MAINTAINABILITY PREDICTION 


It is the process of analytically assessing the 
maintainability features and calculating the quantitative 
maintainability characteristics of an item using a defined 


maintainability model including stated maintenance support 
conditions. 


Maintenance tree prediction method is frequently used 
to evaluate the maintainability characteristics of a sub-item, 
taking into account the maintenance policy and reviewed 
reliability data. This method is also useful for trade-offs at 
design stage. Maintenance trees are also a most useful way 
of representing a sequence of elementary tasks. 


A maintenance tree is a graphic pattern of a complete 
maintenance operation (preventive or corrective) giving 
qualitative and quantitative information on how to carry out 


maintenance tasks. The elementary tasks in a maintenance 
tree are: 


(i) diagnosis phase (failure confirmation and 
localisation), 


(ii) restoration phase (isolation, disassembly, 
exchange, reassembly), and 


(iii) check-out phase. 
MAINTENANCE SUPPORT RESOURCES 


For cost effective maintainability of any equipment/ 
system, the following maintenance support resources must 
be adequately provided ; 


Personnel and training 
Technical manuals 

Test and support equipment 
Provision of spare parts 
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The appointment of properly qualified and adequately 


trained personnel is the basic requirement for safe - 
reliable operation of any equipment. These persons mus 
well versed with maintenance requirements of the equipment, 
their design, and support equipment. 

A technical manual should contain information and 
procedures required by operators and maintenance personnel 
to carry out their job correctly, efficiently and in cost effective 
manner. It must contain 

(i) description. 

(ii) theory and principle of working. 

(iii) procedures of operation, testing, fault diagnostics 
and troubleshooting, repair, service, and preventive 
maintenance. 


(iv) Reference data. It must cover those tasks which 
are difficult to perform, frequent faults, influence mission 
success. 


Support equipment is the equipment required for 
maintenance, servicing and inspection of a system but 
essential for its operation. 


Support equipment includes hand tools (wrenches, 
hammers, screw drivers, soldering guns and pliers, etc.) 
special hand tools, common support equipment (for removal, 
assembly/disassembly of equipment like cranes, slings, fork 
lift trucks, etc.), mechanical and electronic measuring and 
monitoring equipment (pressure gauges, multimeter and 
oscilloscope, etc.), special fixture to allow measurement of 
mechanical parameters or special electronic analyser/ tester, 
etc., industrial fixtures and equipment for overhaul, 
inspection, and repair of major systems. 


Where availability of system is important and manual 
testing is not possible due to complexity of the system, built- 
in test features must be incorporated. Automatic test 
equipment, (usually computer driven), is used to provide for 


‘fee test equipment diagnosis and the localisation of 
ault. 


. The availability of all spare parts, consumables 
special supplies and related inventories is essential to carry 


ce of the System. 
ipment faults, for 
istics pipeline to 
ead times. 


RELIABILITY ANALYSIS OF SYSTEMS 


Reliability is defined as the robabilj 
perform its purpose adequately for the hore md a device to 
under the operating conditions encountered, In re intended 
the concept of high degree of reliability is denie age, 
is too much at stake in terms of cost and human lif as there 
any risks with devices which might not function e to take 
when needed most. | Properly 


MECHANICAL Eng 
—" NEERI, 
Methods of Achieving Reliability 

Though the best method of achieving a raj; abl 
is through mature design, sometimes it has limita e 
to lack of reliable data. Using too high a safety factor hd ty 
is also not good as cost becomes excessive. Concept tee 
are changing very fast and trend 18 for least cos e 
and volume of equipment. A designer has therefore to i 
to special techniques as well as exhaustive testin 
the required degree of reliability within the 
imposed on him. 

Method of reliability prediction, and assessing t 
overall reliability of a device comprising of various ia t 
components by using statistical techniques is Considered f 
be a good approach to achieve above objective. This approath 
enables the designer to have a broad estimate of the reliabili 
which is achieveable with a particular component and take 
decisions regarding resorting to redundancy or othe 
techniques to improve overall reliability. Redundancy coul 
be provided by using more than one elements working al 
the time or by means of switch over. 


Reliability Analysis 

Reliability analysis, which is based on statistical 
concepts, may be used (z) to predict the probable life of a part 
or assembly in operation (ii) to evaluate the life test data for 
different items and (ii) to control mass produced components 
or assemblies in order to guarantee a preset service life. 


Let N = the total number of devices on test with a 
specified operating cycle. If all the devices are functionally 
tested for a specified time of operation and if Ng devices 
operate successfully and N, devices fail, then the reliability 
(P), and probability of failure or unreliability of devices | 
for the specified conditions, become 

P=NJ4N 

U = N N $ 
It will be noted that P + U = 1. The number is 
WN) will be observed to increase progressively if ine ea 
1s continued, which implies that reliability (P) 15? ik 
of time of operation. 


The instantaneous rate (2) of failure of th of the 
known as the ‘failure rate’. If the failure rate (A) cU ni? 
above stated group of devices is plotted against nah nn A 
curve will be observed to include three noticeable n 
the following time sequence : oft 
(i) An initial period (a) of high failure rate is 
called “infant mortality” or “break in” period; 4 ee i 
are attributed to inherently weak devices resulting op Ù” 
quality of materials and the defects creeping n ol oft 
manufacturing process. Very rigorous quality ©” gus 
materials from the early stages of procurement 158°" aof 
the manufacturing process will enable the mini im? y 
such failures; this weeding out (for certai! ep ! 
manufacture) of the initial defectives is know” oes P 
m of the device, after which delivery is made t0 ee yi 
_,__ (ti) A period (B) of chance (or random) £31" port 
1s the useful service life period; this period is M a dd 
for this decides the operating life of the deve“ 
this period, the failure rate (A) is constant ; a” 


Sey 
Bh 
Sor, 
gto achiey 


and 


F- d evices 15 


+ 
- ; Z ES. A 
È ii = 2 
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A wear out period (y) which is characterised by a 


s of aging: 


ection and 
Preventive maintenance schedules, Involving repairs 


ements prior to wear-out, are required to be adopted 
de the use of the device in this high-failure-rate 


(iit) l 


_ crease in the failure rate owing to the effect 
hat a can be delayed by proper material se] 
wear? 
desig? 
y preclu 


perl fig. 11.8 indicates a very typical failure rate-life 
acteristic curve based upon empirical test observations 
mat (ipes o! devices: 


Initial 
defective Wear out 


failures 






Failure rate (A) ——— 


T a A T A Cee 









Infant . 
Useful life Wear out 
a mortali a ma , ——>+|«— — 
r d period (B) period (0) 


Operating time (t) —— 


Fig. 11.8 


In the second part (i.e., useful period) of the above, 
the random nature of the breakdown produces a constant 
rate of failure per fixed number of the survivors so that 

dN -/dt = — iN, 

Where, À = Failure rate per unit number of survivors ; its 
units are as follows : 
À = 1% per 1000 hr. = 1 failure per 10°hr = 10 x 10 
S per hr per part ; 1 bit = 1 failure per 10° hrs. By 


‘rentiation of the expression of U, P, and rearranging 
ê results obtained, 


failure 


p , P = exp (- At) =e" ¥ 

its k his the basic expression for reliability of a device during 
Tim seful life, The reciprocal of failure rate is called the Mean 
but Between Failures (M.T.B.F.) which is not wear out life, 


'S Usually larger than this life period. 


Hika 
lability Analysis of Systems 


It's a Reliability of a product is determined by design. Thus 
data yag during design stage is essential. Since no hard 
It ig ~ available for a quantitative reliability assessment 
Use 7 ed largely by experience. Some of the — 
below» stimulate reliability improvements are discusse 


to tah i Some basic rules to improve reliability. Itis m 
this ‘i, ate all the principles of durability and reliability. In 


the 0 rection, experience plays an important part. Some of 
‘ervations are : 





substa 
obtain 


examples are ceramic-metal combi 
mixtures, blends. 


reduced by nullifying chemical activity 
saturated bonds in a material. 
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(6) Alloying and mixing technique. Many new 
nces having extra-ordinary properties have been 
ed by alloying elements and binders to materials. Some 


nations, plastic-glass 


(c) Chemical saturation principle. Corrosion can be 
by attaching pre- 


(d) Quality control principle. The testing of samples 


to obtain a statistical estimate of the expected performance 
of a production lot. 


(e) Prestressing principle. By applying stress to an 


unloaded structural member, it can be made to have little or 
no stress when loaded. 


(f)Hard and soft principle. The wearing out 


component is made of soft material and mating part of hard 
material. 


(g) Large and small principle. The effects of 


destructive forces rise in a nonlinear relation to overall 
dimensions. 


(h) Excess material principle. Strength and durability 
are not always gained by heavy construction. 

(i) Underrating principle. Electronic components if 
operated at less than rated voltage, show a life expectancy 
several times that obtained at nominal voltage. 

(ii) Failure mode analysis. It is a procedure by which 
potential failure modes, in a system are identified and 
analysed. The main purpose of this technique is to identify 
and eliminate failure modes, early in the design cycle where 
they are most economically dealt with. It starts with the 
selection of a subsystem or component and then identifies 
and documents all potential failure modes, failure 
mechanism, failure cause, identification of effects of higher 
level systems, and assign criticality rating. 

(iii) Fault-tree analysis. It is a technique used for 
system safety and reliability analysis. The analysis proceeds 
from a designated “top event” to basic failure causes called 
“primary events”. A fault tree is a model that graphically 
portrays the combination of events leading up to the 
undesirable top event. Da 

(iv) Reliability design guidelines: P E 

‘mplicity. Use of a single part to perform multiple 
E- A to reduce the number of failure modes and 
sults in high reliability. 
tus "as Use Paani components. Use of proven 
IEP is and testing to verify 
components minimises analysis a 
reliability. ‘able 

(c) Use of probabilistic design fe pe ere biy 
system can be obtained from less relia 
using concept of ees 

ase of severe local e 
my heat, corrosion etc.) environm 
modified to achieve high reliability. 


t (like shock and 
nvironmen sat ahiould be 
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System 
effectiveness 
Design 
adequacy 
Reliability 


Maintainability 














Performance 
Availability parameters 






Repairability Delay time 
Serviceability Administrative 
time 


Fig. 11.9. Components of system effectiveness. 





Logistics 
time 









Identification and elimination of critical failure mode 
through fault tree analysis helps improve reliability. 
Incorporation of automatic sensi 


devices, and self diagnostic features hel 
reliability. 


ng and switching 
ps in obtaining high 


Other features include detection of impending failure, 
preventive maintenance, tolerance evaluation, and human 
engineering. 

(d) Probabilistic approach to design. Reliability is 
basically a design parameter and can be quantified and 
designed by probabilistic approach. The reliability 
system is a function of the reliabilities of its compon 


System Effectiveness 


of any 
ents. 


The term often used to describe the ov 
of a system to perform its intended funct 
effectiveness” which is defined as the probability that the 
system can successfully meet an operational demand within 
a given time when o 


perating under specified condition. 
Effectiveness is influe 


nced by the way the system is desi 
manufactured, used and 


erall capability 
ion is “system 


l The effectiveness of a system is a function of several 
attributes, such as design adequacy, performance measures 
safety, reliability qualit 


, and maintainability. (Refer Fig. 11.9) 
Maintainability 







Een E 


It is also defined as the probability that a fale, 
e 


will be restored to a satisfactory operating Conditio Iia 
a specified interval of downtime, The ease of ii i vitti 
isolation, and repair are all influenced by sys tii eet 
are the main factors contributing to maintainabit a 
timely supply of spare parts, the Supportin ‘a 
organisation and the preventive maintenance Pract "Dai 
contribute to maintainability. Good maintainabiti.” al 
somewhat offset low reliability. Thus if the desire d ee E 
can not be met because of performance constra; 8 
improvements in system maintainability can help overn 


T 


the problem. 


Serviceability. It affects maintainability, It ig 
characteristic of design deserving, attention at design stage 
It is defined as the degree of ease with which a system ca 
be repaired. It specifically considers the fault detection 
isolation, and repair. Repairability considers only the actus] 
repair time and is defined as the probability that a failed 
system will be restored to operation within a specified interval 
of active repair time. Access covers, plug-in-modules 
standardised components and other features to allow easy 
removal and replacement of failed components, improve the 
repairability and serviceability. 


Availability. It is the function of both reliability and 
maintainability. l 
MTBF 
MTBF + MTTR 


Achieved availability is used for development and 
initial production of a system and is given by 


Inherent availability = 


Operating time (OT) 
OT + Total preventive maintenance time (TPM) 
+ Total corrective maintenance time (TCM) 


: ‘ad 
Operational availability covers all segments of u™ 
and is given by 


OT + ST 
E 
OT + ST + TPM + TCM + TALDL 


+s trative 
(ST = Standby time and TALDL = Total administr 
and logistics delay time) 


bliss 
Trouble-free dependability is the properly an gives 
a machine to retain its working capacity during ® 
operating time without mechanical stoppages. 


c e n tain? 
Durability is the property of a machine to ee 
working Capacity upto its limiting stage with oe 
Stoppage for repair and Servicing. 


s the 
ed 8 


It is a special case of reliability. It is eae 
probability that an item wil] successfully survive l 
life, or rebuild point without a durability failure- 
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- tuilitating companies to ensure, that their product will fulfill 
snsumers desired performance and quality requirements. 


122 Sensors 


ni introduction 


exergy of the process variable to an output of some other 























Mechatronics is the integration of a number of 
such as mechanics, electronics, electrical 
nputer, control, and software engineering using 
nicroelectronics to control mechanical devices. It is applied 
p production design, monitoring, and control with the 
jective of achieving high quality products at optimal 
„mning conditions. To achieve this, mechatronics integrates 
advances in semiconductor technology, computer and 
ommunications technology, robotics, computer vision, and 
intelligent neuro-fuzzy technology. It acts as a tool in 


jisciplines 


The first and foremost requirement for measurement 
and automatic controls is the primary sensing element. The 
sensing elements (sensors) sense the condition, state or value 
ofthe process variable and produce an output which reflects 
this condition, state or value. Transducers transform the 


ute of energy which is able to operate some control device. 
aa a secondary transducer may be employed to 
ansform the output of the primary sensor to obtain another 
ype of energy. 


Many times terms sensors and transducers are 


re 
garded as being synonymous. However sensor is a device 


i 3 . e 
i ch undergoes a reversible physical or chemical change 1? 
arily carry out an 


ic to a stimulus but does not necess 
-Ty Conversion. On the other hand transducer performs a 
ble signal. 


Ire 
ct energy conversion to provide a measura 
to contact with the 
the output sensed 


quant hy sensing elements come in 
em i 0 be measured and transduce i 
also into an analogous form, in other words these cou 
S called as “basic detector-transducer elements”. In 
into a Ses, the analogous output of first stage 1S converted 





Mechatronics 


conv 
a eyed over long distances etc. The differential transformer 
re acts as secondary transducer. 


In some of the primary sensing elements there may 


be no primary transducer with it. In such cases, the quantity 
in whatever form it is sensed, is conveyed, further. Examples 
are mechanical spindles, contacting members (pins and 
fingers) which transmit the displacement of some parts as 
they sense it. 


Very often, elastic members are used to change force 


into displacement. These work on the principle of direct 
tension or compression, bending and torsion. Some of the 
elastic members in common use are: (i) Proving ring, 
(ii) Elastic torsion member, (iii) Springs, (iv) Bourdon tube 
(v) Bellows, and (vi) Diaphragm. 


Thermal detectors are the devices used to measure 


the temperature of solids, liquids and gases. These sense the 
temperature by employing one of the following primary effects 
which accompany the temperature change : 


(i) Change in physical state. 
(ii) Change in chemical state. 
(iii) Altered physical dimensions. 
(iv) Change in electrical properties. 
(v) Change in radiating ability. 
The most commonly used thermal detectors are : 
(i) Glass thermometers (mercury filled, mercury and 
nitrogen filled, alcohol filled). 
(ii) Pressure gauge thermometers (vapour, liquid or 
gas filled). 
(iii) Bimetallic thermometers. 
(iv) Thermocouples. 
(v) Resistance thermometers. 
(vi) Thermistors. 


(vii) Pyrometers (optical, radiation and fusion). 


12.3 Actuators 


0 an 
stingt teal quantity by a secondary transducer. e Reasons for Using Actuators 
$ 10n between the primar sensing element and the decl ontrol of critical processes H 
Woul ary transducer ‘more R known as transducer only) They provide closer c 
Prese, ecome clear from the following example. Usually the eliminating human ake adapted easily and economically 
me in ‘ch acts as a They can usually 
n measured b don tube, whic 
aad acct ure and its output | to full modulating control. rai operation 


Sin the fi etector-transducer sensing press 
om Ve then of displacement. This displace 
to e core of a differential transforme 
electrical quantity so that it cou 


ment can be used 
r to convert itself 


Id be amplified, 
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in multistage or multi- 
impossible, to coor 


j encing 
Pes etna hat are difficult, if not 
dinate manually. 


They allow auto 


————————— tl i 
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They are available with a variety 
labour-saving options that allow them to ir 
requirements and industrial environments more C10 


They can help satisfy OSHA safety requirements z 
providing fail-safe modes and by eliminating the nee A 
workers to manually cycle a hot valve or one carrying 


hazardous fluid. 


They can be easily adapted to existing valves by means 
of simple mounting kits to improve process efficiency, increase 


productivity, and reduce operating costs. 


They are totally compatible with almost any rotary 
device, such as ball, butterfly or plug valves, dampers, gates, 


cams, shutters, cranks, etc. 


Pneumatic vs. Electric. There are two basic types 
of actuators — pneumatic and electric. And they each have 
advantage. Availability of appropriate power is always a 
consideration. But, most modern installations usually have 


both electricity and air available. 


However it is important to understand that the cost 
of equipping a plant with a compressed air system just to 
automatic a few valves with pneumatic actuators far exceeds 
the cost of simply using electric actuators. Electric actuators 
do have some limitations, however beyond the power 


considerations, both pneumatic and electric actuators are 
available in more or less equivalent torque output ratings in 
the smaller sizes. However, since pneumatic actuators are 
available in a wider variety of models which offer a greater 
range of torque outputs, they are much less expensive to buy 
for use on valves 100 mm and larger. On the other hand, the 
smaller size, lighter weight and generally simpler installation 
favours electric actuators in many applications. 


Speed control of both pneumatic and electric actuators 
is another important consideration. Closing a valve too 
quickly on a flowing fluid can cause water hammer and 
subsequent damage to the valve and pipeline. Both pneumatic 
and electric actuators are available with a variety of cycle 
times. Some pneumatics can even be adjusted in-line to 
obtain the correct cycle-time for a specific process. 


So choosing between electric and pneumatic is not 
simply a matter of evaluating the features and cost of the 
actuator alone, but also the cost of supplying motive power, 


installation, maintenance, service life and possible future 
replacement. 


But let’s examine these types of actuators in more 
detail. 


Electric Actuators 


Solenoid Valves. The most common type of electric 
valve is the quick-acting solenoid valve. However, these have 
limited port sizes and pressure capability and find most of 
their use in pipeline service in sizes up to 15 mm. 

Motorised Valves. For lar 
pressures, other valve bod 
best way to develop the re 


ger systems and higher 

y types come into the picture. The 

3 , quired torque and rotary motion is 

_ an electric motor-gear train actuator. The actuator 

ee iva couples to the valve stem to make maximum 
output torque without an i i 

y extra linka j 

: ge, since it 

ee rotary motion. It requires only a single electrical 

on to a power source. It is a much slower work- 


of cost-saving, 
fit process 
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producing device than the solenoid valve in that y 
to open or close the valve during relatively lon time may} 
_ 2,5, 10, 20, or more seconds which, is some a er bei 
may help eliminate surges and water hammer in thet 
system. 

One-way Motors. The simplest electric actua 
in one direction only and stop every 90° unti) 5 "Stang. 
move. These unidirectional ON/OFF actuators a, 


. . y ; e 
for some ball valve applications in which the ya} ade nua, 


° . å Ves teg ' 
alternate opening and closing and are available with 9). 
selection of break away torque rating. They are not su; 
for application requiring more than 90° operation or for ~ ih 


which have a definite upstream side to the ball or Plug 


Reversing Motors. Whenever precise control of the fy 
flow, pressure drop, or volume is required, or where ap 
of actuators are to be sequenced one from the other, the ae 
sophisticated control-type of reversing electric actuat 
should be used. These feature reversing motors that op 
the direction and close them in the other. By simple cay 
adjustment, they can be set up to provide the 90° actuation 
required for ball and butterfly valves, 180° actuation fy 
multi-port plug or ball valves, and 30° to 330° actuation for 
other types of control devices. 

Pneumatic Actuators. Pneumatic actuators make 
use of a mechanical crank and arm, rack and pinion, Scotch 
Yoke, low pressure spring diaphragm, rolling diaphragm, 
vane or other mechanical linkage tailored to specific torque 
requirements. 


— 


In the crank and arm type, air pressure moves a pistol 
which moves a rod back and forth turning a lever to opel 
and close the valve. In the Scotch Yoke, the piston drives 8 
pin in a slot in the operating level which opens and closes 
the valve. In the low pressure spring diaphragm typ n 
pressure reacts on a spring-loaded diaphragm to product 
linear motion which requires complicated linkage to operat 
a rotary valve. In the rolling diaphragm type, 22 air t 
bladder acts on a torque follower to impart rotary motion : 
the valve stem. The pneumatic type actuator simply uses 
vane in a pressurized chamber to produce rotary moe 
the rack and pinion actuator, a piston moves 4 rack ders 
rotates a geared shaft to open and close the valve. ei 
development of the rack and pinion actuator uti gel 
shortstroke twin pistons operating a rack and P ene of 
drive to produce an extremely efficient combina" 


maximum torque output, minimum size, and long li “ati 

A high pressure ON/OFF Scotch Yoke Progar 
actuator will take into account the fact that the on esi 
seating torques of most rotary valve will be the ei 
encountered in the cycle while throughout the res , rque 
range the torque will drop to about 1/3 of the seating probe 
Since the torque output of the actuator varies 0V& I! poin" 
it is necessary to determine the torque required a This pe) 
to ensure sufficient torque throughout the CY cle. r 
require the use of a larger, more expensive actuat? cycle d 

The backlash inherent in the center of me pe 
high-pressure ON/OFF function Yoke actuator’ ono 
affect performance when the actuator is used one! 
operation only. However, it will prove trou, node 
attempts are made to use the actuator in a Con ; 


om 
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Eo one type of high-pressure control actuator not only. 
-an ON/OFF function but permits control of the valve 
provi sa sition between end-points. These are rack and pinion 

ors which generate their full rated torques throughout 


omplete cycle and are characterized by their constant 

curves. 

The double piston rack and pinion design develops 
remely high torque output from a relatively short stroke. 

ext constant, balanced force engagement of the rack and 

ja minimizes backlash and provides balanced piston 

loading for minimum wear. 


Better ON/OFF and control type actuators are usually 
equipped with a push button system so they can be manually 
controlled while under pressure by means of the air in the 
solenoid block. This is a convenience feature which can be 
used effectively for system start up and debugging. 

Actuators, both electric and pneumatic should havea 
high torque-to-weight ratio. This means the actuator will 
provide the required operating torque without being 
excessively heavy. Large, heavy actuators require sizeable 
mounting brackets and at times, extra Supports which add 
to the installation expense and often cannot be tolerated in 
cramped piping systems. 

Commonly used Control Valve Actuators. The 
valve actuator is that part of the final control element which 
in response to the error correcting signal from the error 
sensing device, moves the control valve. It moves the control 
valve either in linear direction (as in case of globe valve) or 
u a rotary direction (as in case of butterfly valve). 


Each type of valve presents different types of problems 
to be fulfilled by the actuator. Globe valve introduces a 
Pressure loss. Thus actuator in order to move the plug has to 
encounter the force created by the pressure drop in the 

ection of movement of the valve stem. Butterfly valve 


senerates angular forces within itself. 


t A wide variety of actuators are available and one has 
n Select the proper actuator for the given application. 


atever be the type of actuator, it must fulfill following 
asic requirements. 


ejr € 
torque 


(a) It must produce sufficient torque to overcome all 
the forces acting on valve stem and move it. 

b) The Speed of stroking should be compatible with 
Process requirements. 

(c) It should be capable of moving either in linear 
direction or rotary as the case may be. 

( t Must be compatible with the error-correcting 
Signal. 

(e) It must be compatible with the environment in 

P Ah it will operate. l 
t must come to a stop the moment error signal 
ecomes zero. 

8) It must have all the accessories like hand wheel, 
Position and torque operated limit switches, 
Position transmitters, etc. 


4 p 
lezo Electric Accelerometers 


birng gn’ active element of the accelerometers consists of 
. Position 5 dises or slices loaded by seismic masses and held 
n by a clamping ring. When the accelerometer is 
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subjected to vibration, .e combined seismic mass exerts a 
variable force on the piezoelectric element. This force 
produces a proportional electric charge because of the 
piezoelectric effect. For frequencies from very near DC upto 
approximately 1/3 of the resonance frequency of the 
accelerometer assembly, the acceleration of the seismic mass 
is equal to the acceleration of the whole transducer. 
Consequently the charge produced by the piezoelectric 
element is proportional to the acceleration to which the 
transducer is subjected. The electric signal output from the 
accelerometer is self generated, with built in preamplifier. 


These accelerometers are designed for measurement 
of unidirectional vibrations using delta shear design as shown 
in Fig. 12.1. A piezoelectric meter accelerometer may be 
treated as a charge or voltage source and its sensitivity is 
defined as the ratio of its output to the acceleration it is 
subjected to and is expressed in terms of charge per unit 
acceleration (e.g., pC/m sec?) or in terms of voltage per unit 
acceleration (e.g., mV/m sec?) 
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Fig. 12.1 


Theoretically output of a piezoelectric meter is linear 
down to zero acceleration but a practical lower limit is 
imposed by the noise level of the measurement System and 
by the environment in which measurements are made and 
hence the selection of appropriate probe is important for this 
purpose. Additionally such vital parameters as temperature, 
mounting techniques etc. also must be carefully identified. 
For direct connections to these accelerometers miniature, low 
noise, single core, co-axial, teflon insulated/sleeve cables are 
required. The screen of the cable is connected to the housing 
of the accelerometer. 


The entire measurement system comprises of 
transducers, transducer cabling, signal conditioning system 
along with its computer and peripherals, vibration monitoring 
software, isolation transformer and stabilizer etc. The 
accelerometer is suitably mounted for measurement of radial/ 
tangential vibrations. The assembly of the plate and probes 
is tied with glass tape and glued. The texolite sheet is fixed 
on the nose joints firmly by epoxy putty ensuring compactness 
as well as smooth finishing and without sharp edges/burrs. 
The track resistant paint is to be applied on all surface of 
plate except bottom. The holes of the plates through which 
studs are inserted for mounting of probes, are filled with 
epoxy putty ensuring void free filling. | . . 

This electric signal is conditioned in the input ae 
condition/charge amplifier and then fed to the computer for 


ME 
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digital signal processing through analog/digital converter 
card installed in this computer. This converter translates 
analog signal into digital for computer processes. 


The digitally processed signal displays the final 
vibration magnitude in different formats. The inherent data 
generation and storage capability of the system is useful for 
predictive maintenance/corrective actions in case of vibration 
problems. 


The vibration measurement can be processed in any 
mode e.g., displacement, velocity and acceleration. The signal 


data can be stored for transient analysis, signature analysis 
etc. 


12.5 Hall Effect Transducers 


The principle of a hall effect transducer is that if a 
strip of conducting material carries current in the presence 
of a transverse magnetic field as shown in Fig. 12.2, a 
difference of potential is produced between the opposite edges 
of the conductor. The magnitude of the voltage depends upon 
the current, the strength of the magnetic fields, and the 
property of the conductor called “Hall Effect”. The Hall Effect 
is present in metals and semiconductors in varying amounts, 
depending upon the densities and mobility of carriers. 

Current is passed through leads 1 and 2 of the strip. 


The output leads connected to edges 3 and 4 at the same | 
potential when there is no transverse magnetic field passing | 
through the strip. When a magnetic flux passes through the | 


strip, a voltage appears between output leads. This voltage 
is proportional to the current and the field strength. 
e 


Hall 
strip 


2| 





Transverse 
magnetic 
field B 


Fig. 12.2. Hall effect element. 


The output voltage is E 4 = Ky e 


V-m 
A - Wbm? 
For germanium, its value is — 


where, K,, = Hall coefficient; 





0.8 corresponding to 


field strength 0.001 to 0.8 Ls at 25°C. 
m 


I = current through the Strip; A, 


B = flux density of field trave 
Wb/m?, 


and t= thickness of strip; m. 
Thus the voltage produced may be used to measure 


gth or the current, Hall effect sensors 
rms, (i) linear, (ii) threshold. In linear 


rse to strip; 


are available in 2 fo 
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model, output varies in proportion to ma 
In threshold model, there is a sharp q 
particular magnetic flux density. 
Hall effect sensors have the advantages ofp . 

to operate as switches which can operate UD te WAT 
repetition rate, cost less than electromechanica] switch, 
do not suffer from the problems associated with such es an 
of contact bounce occurring and hence a sequence ` 
rather than a single clear contact. The Hal] effect cinta 
immune to environmental contaminants and can be 
under severe service conditions. Used 


Bnetic fly Ri 
rop in Output. y 
å 


Output (V) p 
= 
b 
a 
3S 
O 
- 0 . 0 Flux density 
Flux density 
(a) Linear sensor (b) Threshold sensor 
Fig. 12.3 


Such sensors can be used as position, displacement 
and proximity sensors if the object being sensed is fitted with 
a small permanent magnet. As an illustration, such a sensor 
can be used to determine the level of fuel in an automobile 
fuel tank. A magnet is attached to a float and as the level of 
fuel changes so the float distance from the Hall sensor 


| changes (Fig 12.3.). The result is a Hall voltage output which 


is a measure of the distance of the float from the sensor and 
hence the level of fuel is the tank. 


Another application of Hall sensors is in brushless de. 
motors. With such motors it is necessary to determine when 
the permanent magnet rotor is correctly aligned with 
windings on the stator so that the current through bs 
windings can be switched on at the right instant to er to 
the rotor rotation. Hall effect sensors can also be ¥S 
detect when the alignment is right. 


12.6 Optical encoders 


. Ea ‘onal toa 
An encoder provides a digital output pr oporti detect 


, ; er 
linear or angular displacement. Incremental enco absolut? 
change in rotation from some datum position "rar positi” 
encoder provides information about actual angu!@ 


“ng 0 
Fig. 12.4(a) shows the basic principle of works ul 
incremental encoder for the measurement © 5 in a d 
displacement. A beam of light passes through s/o provid 
and is detected by a suitable light sensors. Slots ath edi 
in 5 to 8 circular tracks on dise. When the dis¢ Sumber 
pulsed output is produced by the sensor with ar t oot 
pulses being proportional to the angle thr ough ae ence tf 
rotates. Thus the angular position of the disc nber 0 ps 
shaft rotating it, can be determined by the nu n r ack i 
produced w.r.t. some datum position. The : PY tjon ° les 
just one hole and is used to locate the ‘home P° ced h0 
disc. The other tracks have a series of equally $ 
that go completely round the disc but with we 
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| scx offset from the holes in the outer t 


, git i dth of a hole. This offset enables Ga by one- 


t rmined. In a clockwise q; -€ direction of 
ba! < tobe determine OCKWise direct o 
n . . 10n t 
tat? „ter track lead those in the inner, in the anti he pulses 


et of slots on the disc. With 60 slots occu 
p 


fe 


} 
| 


a aa an d a a 


-clockwise 
ed by the 
ming with 1 
ii of 360°, the 


a they lag. The resolution is determin 


„lution then, since 1 revolution is a rotatio 
solution is 360/60 = 6°. 
D 


Light sensor 
ED 
; ci 





Fig.12.4(a). Incremental encoder. 


Fig. 12.4(b) shows the basic form of an absolute encoder 
fr the measurement of angular displacement. This gives an 
output in the form of a binary number of several digits, each 
such number representing a particular angular position. The 
rotating disc has three concentric circles of slots and three 
sensors to detect the light pulses. The slots are arranged in 
such a way that the sequential output from the sensors is a 
number in the binary code. Typical encoders tend to have up 
to 10 to 12 tracks. The number of bits in the binary number 
will be equal to the number of tracks. Thus with 10 tracks 
there will be 10 bits and so the number of positions that can 
be detected is 219 jo. 1024, a resolution of 360/1024 = 0.35". 


LEDs Sensors 


ooo 
nii 





Fig. 12.4(b). A 3-bit absolute encoder. ; 
s generally not use 


issn normal form of binary code 1 ber to the next can 


€ chang; inary num 
Slt in more than one bit changing and if, through some 
othe, Snment, one of the bits changes fractiona Y mentarily 
ma then an intermediate binary number 15 entote this 
th rated and so can lead to false counting. she only one bit 
ch "ay code is generally used. With this © xt. Fig. +4: 
es in Moving from one number to a > Gray code. 

e tracks with normal binary code api shafts and 
tonta; Optical encoders, can be mounted heel Interface 
inte an LED light source and a code wie the encoder 
rated circuits are also available to deco "cessor . For 
tap, ê binary output suitable for a aes each track 
lute encoder with 7 tracks on its CO ° d thus we have 
a Po y © one of bits in the binary number a” 

ons Specified, i.e., 128. 






Gray code 


0000 [TTT 
0001 [TTT 
0011 [LIT] 
0010 E] 
0110 E E 


Fig. 12.5. Binary and Gray codes. 







12.7 Radioactivity Pulse Counters 


Radioactivity phenomenon occurs in discontinuous 
form in nature. Radioactivity transducers produce a pulse 
for each ionising event. Therefore, their output is a series of 
discrete pulses measurable as a total count or as a digital 
signal. 

Radioactivity pulse counters contain a gas between 
two electrodes maintained at different potentials. The 
electrodes collect the charged ions produced in gas due to 
ionisation of gas by radioactivity particles. In an ionisation 
chamber electric field is maintained low in order to avoid 
multiplication and only primary ionisation can be measured. 
But here, e.g., in proportion counters, the electric field is 
raised to a point where the primary ions er enaa 
sufficiently to produce other ions. The multiplication is 0 

der or 1000 and is kept constant. In the Geiger counter 
Lapor e i i ter and multiplication is so great 
the electric field is still greater POS PECES efekt 
i a gas di 
that the flow aaah of ionisation which triggered 
is independent of the pn stopped by certain arrangements. 
it. This, however, 1s rapra} In a proportional counter, 
‘onal counters. + 4 P aitia] 

Proportiona ona] to the energy of the initia 
the pulse size is proportiona! therefore, for measuring 
en This is best suited, “vel 

onising event. e of relatively gamm 
th weak neutron fluxes in the present Serale more ins 
al is is because, neutrons & Thus the 
backgrounds. This 1s i] a gamma-Tay. 

before gas amplification than wul a 


ulses due to 

i ter than the p 
pulses due to neutron will be grea lecting a Proper pulse 
gamma ra 


diation. Therefore, iaf ae voltage cad be blocked 
j lds, pulses below ce 
height thresholds, 


by suitable circuitry. ners, prop 

Like ionisation cham asureme 
particularly suited to the me ‘on in Geiger 
and neutrons. = amplifier put volage 

e : 

Geiger counter, der of 10 ` devices and requires 
counter is very high 0 ate indicating od in reactor and 
sufficiently high to 0P°T™.. mainly us 
no amplification. 


a] counters are 


tion 5 
at of alpha particles 


Scanned by CamScanner 





594 





o used for monitoring 
1] as cosmic radiations. 
g time 1S poor 
nters. 


laboratory applications. This is als 
relatively weak beta and gamma as We 
Their disadvantage is that the resolving sia 
compared with ionisation chamber or proportiona weg 
Scintillation counters. Scintillation apne and 
based on the principle that certain phosphorous So ae 
liquids emit light when they are exposed to in 
radiations. When nuclear radiations or rays pass t ke 
the phosphor, then molecules of the material get excite i 
‘onised and the molecules emit their excess energy in 
form of light. Each particle gives rise to a flash calle 
scintillation. These flashes are sensed by a photomultiplier 
tube and an appreciable voltage pulse 1s produced at the 


output stage. . 

These are high priced and require more complicated 
circuitry. These are mainly used to detect low energy gamma- 
rays. Sensitivity of the scintillation counters can be controlled 
by choice of crystal and photomultiplier type. 


12.8 Digital Encoders and Encoder Transducers 


Digital encoders and encoder transducers produce a 
distinct type of coded output signal. These transducers are 
not characterised by proportional counting for the change of 
physical variable as in analog transducers. With change of 
physical variable the increment state of the output coded 
signal changes in such a manner as to represent the new 
value in the form of a non-ambiguous coded value. The true 
digital output obtained can be fed into digital computers 
directly without further conversion. The transducer output 
can be scanned at any desired rate to readout its new value. 
No time sampling is required as in the analog and generating 
type of transducers. The output of digital transducers can be 
read continuously or may be stopped momentarily for readout. 
They can also be used as part of other transducers. 


Shaft position encoders. This is one of the oldest 

and most efficient type of digital transducer. It consists of a 

shaft attached to a disc mask or a drum. The disc has got a 

digital coded scale on it. The scale can be formed in two ways: 

(i) By having a combination of conducting and non- 
conducting areas. 


(tt) By having a combination of tra 
nspa 
opaque surfaces. Parent and 


N 
NA ‘ 
nO Yy b 
es ES Reading 
N y` Ss li 
A A WY ine 
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Fig. 12.6. Code wheel. 
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These combinations of the areas are made in , 
way that for each and es pian of shaft there ot | 
definite coded form of signal. R a and resol we 
is so high that about 50,000 distinct positions are „n 
360° turn and there 1s a distinct difference ang h sibl, 
a for all these positions, i.e., it can very easily pe Ten, 
to 1 minute of are of circle. The signals as obtained 
out by a series of brushes in first case and þ 
arrangement in the second case. Each brush or light 
produces an input to a separate channel. The Sequence ; 
order of positive indications represent in coded form the “ 
position. The discs are available in various sizes, 


The combination of opaque and transparent surfa 
is such that at every position different code will be produsi 
and no two codes will be similar. Resolving power ig of the 
order of 50,000. Digital output is thus the function of the 
angular position of the shaft. Binary code is very usefy] anf 
most suitable for computer input. 7 

Rectilinear encoders. Rectilinear encoders utiliņ 
the same principles as the rotary type. The scale (combinatip, 
of opaque and transparent areas) is made over a linear range 
The effect of the variable to be measured is changed into 
displacement and the rectilinear displacement is used tp 
produce the coded output presentation. These have the sane 
advantages as possessed by rotary type of shaft encoders 
The typical advantage of the linear encoder over the shaf 
encoder is that this avoids the precision gearing which is 
necessary to convert the rectilinear motion into rotary motion. 


Encoder transducers. Using the rotary and linear 
encoders, many physical parameters whose effect can be 
changed into rectilinear motion or rotary motion can be 
digitized e.g., in a digital pressure gauge, a Bourdon tube 
through suitable linkage is used to position a fatigue and 
vibration conditions of instrumentation. 


l These are however not much suitable when smal 
motion or low energy input parameters are to be measu” 
But in such cases, it is possible to contract a shaft posi” 
servo system that will respond to the output of a convention 
analog transducer, This requires the use of analog-to-d8 : 
conversion devices. Analog transducer coupled with am” 
converter and digital encoder can be mounted in one 4 k 
that everything is very compact. 


12.9 Selsyn System and Resolvers 


ke 
Selsyns are also called synchors and are ™ ae 
s used to form rotary position sensing and indi je 
system. Its Principle is also based upon the vari ation ; af 
R al coupling between transformer windings. 
tene a of selsyns, i.e., torque type and contr ol typ®: di 
nd ` selsyn consists of two rotors with a single 
and a stator with three windings distributed 120° ap". gil 
Portion acts as transmitter. The generated stator wt pee 
are connected to the other remotely located thre ol 
windings. This acts as receiver and also has the rece" w 
winding as shown in Fig. 12.7 (a). The rotors ° bo itt 
are excited through slip rings with a c. power at 4 conve iio” 
frequency. If the receiver rotor is in thie aie relativ? f ct 
w.r.t. the stator windings as the transmitter, thé 
i oupling 1s identical and no stator current flows 
wo units. If the transmitter rotor be removed f° 


device 


a> 
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_ the voltages induced in the two stator 
psi i ajd a current will flow, l'his current flow 
ier ‘nthe receiver Which causes the receiv 
tor to alignment with the new transmitter rot 
ove in revious null position is establishe 
iM eralways follows the angular motion in ace 
rt me transmitter, Its accuracy is limited by 
hat 0 r bearings and calibration of its di: 


S will be 
produces 
er rotor to 
or position 
d. Thus the 
ordance with 
the friction of 





he receive il face. 
galyn o o l 4 Receiver S Selsyn 
yansmitter} g Transmitter AC. rotor S) receiver 
r A> 7 input S) or motor 
generator < stator 
tator g 
f Veos (0 + 120°) p 
AS 4), Kd ¢ ) 
Voos (0 + 120°) 


Fig. 12.7. (a) Diagram of torque type selsyn system., 


For greater accuracy and large torque, we employ 
control type selsyns. In this we have two rotary transformers, 
ie, synchro generator and synchro control. The rotor of the 
control transformer is mechanically geared to a servomotor 
forming a closed loop system. The input movement is 
transmitted to the generator transformer shaft. Due to 
movement of transmitter shaft, an output voltage appears 
atrotor shaft, causing the amplifier to drive the servomotor 
until the rotor voltage output is reduced to zero. The new 
position is now accurately aligned with the transmitter shaft 
Position. Its accuracy is about +2 minutes output. 


AC, 
0 
pee ee Output 
Synchro Synchro 
generator control 





i Ty 
i N 
y 7 N 
X Mech. Coupled 
input shaft 


Fig. 12.7 (b) 


| The resolution of selsyns is infinite. They require no 
toy i calibration or adjustment in operation. They e 
'N size, They are however complex to analyse under 
namic Conditions of operations. 
S¥ste Resolvers, This is an interesting dealer —e 
toordin; ese are the transducers which ca eS 
Volt nate shaft input to rectangular coordinate-e = cn 
osin ° output. The coupling in resolver varies as sın 


tra ot rotor position. So they find application in angle data 
ty n '8sion and in performing trigonometrical 
MPputationg, 


2, 
nN Hydraulic Actuation Systems 
fa Actuators are responsible for transforming the one 
Na TOpr ocessor or control system into a controlling action 
: ‘ne/valve/damper device. 
“Ontro} Neumatic signals are often used to coniro! anes 
“ements, like actuating large valves and other hig 





995 


gnals can be used for even 


bower control devices. Hydraulic si 
higher power control devices, 


With a hydraulic syste ‘essuri 13 
by a pump driven by me Pietra oben wei ae 
` ` . pump pumps oil 
from a sump through a non-return valve and an accumulator 
to the System, from which it returns to the sump. A pressure 
relief valve releases the pressure if it rises above a safe level. 
Che non-return valve prevents the oil being back driven to 
the pump. Accumulator smoothens out any short-term 
fluctuations in the output oil pressure. Accumulator is just a 


container in which the oil is held under pressure against an 
external force. 


Pressure Accumulator 
relief 
valve 
Non-return noe To 
waive H= => hydraulic 
i actuator 
gi == Pump i Return from 
Motor =*—____hydraulic 
‘ actuator 
Oil Sump 


Fig. 12.8. Hydraulic power supply. 


Pneumatic and hydraulic systems use directional 
control valves to direct the flow of fluid through a system. 
They are not intended to vary the rate of flow of fluid but are 
either completely open or completely closed, i.e., on/off 
devices. Such on/off valves are widely used to develop 
sequenced control systems. They might be activated to switch 
the fluid flow direction by means of mechanical, electrical or 
fluid pressure signals. 

A common type of directional control valve is the spool 
valve. A spool moves horizontally within the valve body to 
control the flow. Fig. 12.9 shows a particular form. In (a) the 
air supply is connected to port 1 and 3 is closed. Thus the 
device connected to port 2 can be pressurized. When the spool 
is moved to the left in Fig. 12.9 (b) the air supply is cut off 
and port 2 is connected to port 3. Port 3 is a vent to the 
atmosphere and so the air pressure in the system attached 
to port 2 is vented. Thus the movement of the spool has 
allowed the air to firstly flow into the system and then be 
reversed and flow out of the system. Rotary spool valves have 
a rotating spool which, when it rotates, opens and closes ports 
in a similar way. 

Spool 


Port 3 Port 2 Port 1 


Air 
Vent to 
atmosphere supply 


(b) 


Port 3 Port2 Port 1 


Vent to Air 
atmosphere supply 


(a) 
Fig. 12.9. Spool valve. 
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valves consists of a square 
A two-position valve wl 

lve three squares. 
d to indicate the 


The symbol used for control 
for each of its switching positions. 
have two squares, a ae ka i 

-headed lines (Fig. 12.10 (a)) ar l 
directions of flow in ae of the positions, with — 
lines closed flow lines (Fig. 12.10 (b)). The initial positio + 
the valve has the connections (Fig.12.10 (c)) to ach aie 
shown, in Fig. 12.10 (c) the valve has four ports. 3 — 
labelled by a number or a letter according to their ey ; > 
The ports are labelled 1 (or P) for pressure supply, 3 (0 
for hydraulic return port, 3 or 5 (or R or S) for pneuma 
exhaust ports, and 2 or 5 (or B or A) for output ports. 


(a) (b) (c) 
Fig. 12.10. (a) Flow path, 
(b) flow shut-off, (c) initial connections. 


A 2 port 2 position valve would be described as a 2/2 
valve, the first number indicating the number of ports and 
the second number the number of positions. 

Fig. 12.11, shows a solenoid operated spool valve and 
Fig. 12.12 its symbol. The valve is actuated by a current 
passing through a solenoid and returned to its original 
position by a spring. 


| 2(A) 


7 


1(P) 


Fig. 12.11. 2/2 Valve. 





Return 
spring 
keeps 
spool in 
this 
position 

Soft iron core Solenoid : Output 

ca port Pressure 
3(R) (A) Supply 1(P) 
Solenoid 
activated 
and spool 
moves | [] 
Exhaust Output Pressure 
port port supply 
Fig. 12.12. Single solenoid valve. 

Fig. 12.14 shows the symbol for a 4/9 val 
connections are shown for the initial state ie 7 The 
connected to 2 (A) and 3 (R) closed. When the ie eae is 
activated it gives the state indicated by the symp,). en is 

In 
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the square to which it is attached, i.e., we no me a \ 
and 2 (A) connected to 3 (R). When the curren} thn i 

solenoid ceases, the spring pushes the Valve back in i 
position. The spring movement gives the state k siy 
the symbols use in the square to which it is attache el} 


|2(A) 


1(P) 
3(R) 


Fig. 12.13. 3/2 Valve. 


| 4(A) i) 


1(P) —-3(R) 


Fig. 12.14. 4/2 Valve. 


The force required to move the ball or shuttle in 
valve can often be too large for manual or solenoid operation, 
To overcome this problem a pilot-operated system is use 
where one valve is used to control a second valve. (Refer 
Fig. 12.15) The pilot valve is small capacity and can be 
operated manually or by a solenoid. It is used to allow the 
main valve to be operated by the system pressure line i 
indicated by deshes. The pilot and main valves can b 
operated by two separate valves but they are often combine 
in a single housing. 


4(A) | Pe 





1(P) 


Fig. 12.15. Pilot-operated system y 
to contro is 


sed 
Pressure regulating valves are u į at a coms 


Toa pressure in a circuit and maintain! 
value. le? 
The hydraulic or pneumatic cylinder ane en, 
a linear actuator. The principle and form are nces pei 
both hydraulic and pneumatic, versions, dif pre 
purely a matter of size as a consequence ofthe hig € jind 
used with hydraulics. The cylinder consists ° 
tube along which a piston/ram can slide. the iy 
The term single acting is used yae SP 
pressure is applied to just one side of the pi 
often being used to provide the opposition to “ow K 
of the pistion. For the single-acting cy inte mot 
12.17, when a current passes through the 5° i: theP 
Switches position and pressure is applied to™ 
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5 Jinder. When the cu! rough t 

F gg WO k ive reverts to 1s initial positi gh the solenoid 

Me He yl As 10n and the air is 

erte sion back along the cylinder. urns 
si 


cylinders are ca 


. pable of 
cylinders. Hover Sint nko forces than pneumatic 















. , are : Ea 
Cylinder 2 working pressure, į a of the cylinder multiplied by the 


two sides of the pist 


12.11 Stepper Motor 


A , 

carrying Ao motor consist of a number poles, each 

permanent ma winding, with a rotor which is often a 
gnet. By impulsing to each opposite pairs of 


field winding i 
g in turn the axi : 
the rotary axis follows it xis of magnetic field rotates and 


sap as ae ane Ete ee oe ee ase al yet RP PT? ir? 


slots. i ene bhi of soft iron and cylindrical with 
reluctance Th Moves to a position which gives the minimum 
field windi, en position depends upon which pairs of the 

windings happen at that moment to be carrying current. 


The stepper motor is a devi 
evice that rotates, through 
some angle for each digital pulse, supplied to its input. 


By in pulsing to each opposite pairs of field winding 


in turn the axis of magnetic field rotates and the rotor axis 
follows it. 


Stator 
Pole 
Magnet 
rotor 
Cylinder with Syme Cylinder 
valve in rest for with ©) 
position and no a bl a valve in the 
hae es secure position he a Fig. 12.19 
l curren , 
solenoid source through the If such a motor requires 120 pulses to rotate through 
solenoid 360° then 1 pulse causes a rotation of 3°. 


Stepper motors are available with various stepping 
angle. Example: stepping angle with 1.2° or 1.8° etc. Output 
is in step form, driver circuit is required for operation, and 
torque requirement is less. 


Fig. 12.17. Control of a single-acting cylinder. 


The term double acting is used when the control 
oe are applied to each side of the piston. A difference 
t s ressure between the two sides then results in motion of 
al Piston, the piston being able to move in either direction 

ng the cylinder as a result of high pressure signals. For 


These motors are used as position controller to drive 
control valve. 


° double-acting cylinder shown in Fig. 12.18, current 
Da one solenoid causes the piston to move in one 
a le with current through the other solenoid reversing 

rection of motion. 






Solenoid 
activated, 


piston 
© extends ©) 
Fig. 12.18. Control of a double-acting cylinder. 


The . i i . he force 
Teo: choice of cylind determined by the to 

equ ylinder is . 
'red to move the load and the speed required. Hy draulic 





12.12 Mathematical Models 


A physical system is a collection of physical objects 
connected together to achieve an objective. Measurement 
system is an assemblage of diverse physical devices 
interconnected together to measure, analyse and control 
electrical thermal, fluidic and other physical quantities. 

To analyse a measurement and control suystem, it is 
important to determine its performance. The ability to 
analyse and the precision of the results depend on how well 
the characteristics of each component of the system can be 


expressed mathematically. 


The first step in mod 
physical model. Measurement 
complex in nature. However, some 
be made in order to obtain a simpli 


The model based upon idealised ass 


in view the specific problem under study an 


elling a system is to obtain its 
and control systems are 
idealized assumptions can 
fied version of the system. 
umptions made keeping 
d the accuracies 


4» 
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desired is called a physical model. A mathematical model is 
a mathematical representation of a physical model and is 
achieved by applying physical laws to the physical model. 
The mathematical models describing a system are depicted 
by differential equations which describe the relationship 
between input and output of a system. They can predict about 
behaviour of system under specific conditions. 7 
The mathematical model of a system is linear, if it 
obeys the laws of superposition and homogeneity, otherwise 
it is non-linear. | 
The property of homogeneity, means that the inputs 
and output are of the same form. A mathematical model is 
described as linear if the co-efficients of the differential 
equation describing it are either constants (linear time in- 
variant systems) or are a function of the time (linear time 
variant systems). 


Simple Single Loop Feedback Control Systems 


A control problem can be solved either feedback system 
or by feed forward system. Feedback systems generate the 
control signal based on the difference between the actual 
(measured) and set values. In feed forward system, the control 
signal is generated from values based on the based variables. 


Command Controller Correcting unit 


Amplifying 
and signal 
processing 
element 





Process 
to be 


Final 
controlling 







controlled 


device 


D) 
£ 
jo 
G: 
25 
= 
O 
O 








6, Measured 
value 


Fig. 12.20 


In the closed control loop the controller mechanism 
takes the place of the human eye and the correcting unit is 
substituted for the human hand. Fig. 12.20 shows in block 
schematic form the closed control loop. It would be noted that 
the command signal 0;, generated by the setter is applied to 
the controller and compared with the instantaneous value of 
the process parameter to be controlled (8,). The output of the 


comparing unit represents the difference of 0, and @ known 
as error which is ampl . 


as per its settings. The 














aa Nane 
evaluation of which is illustrated below. Let us as e 
a temperature detector 1S installed in a pipe ling t 
fluid temperature is varying continuously at a yp; fon 
rate (OA in Fig. 12.21). It would be noteq that ¢ 
indication of temperature change at the detector ș Me 

after some time at point B against point O. So 

Further, after little stabilisation, there Wo 

constant lag (CD in Fig. 12.21) at any given readin A F 
point of time, E represents inlet temperature, Pi ay 
temperature sensed by detector and EF is called Measy, e 
lag. Measuring lag 1s proportional to thermal ¢ apacit dp 
detector (i.e., mass x specific that) (C) x Liquid to im of 
thermal resistance to heat flow (R). ent 









© 

C 

D 

“” 

© 

® Output 
= signal 
> (Response) 


Time 


Fig. 12.21 


The product of C x & is called time constant of the 
system. | 


If the variation is exponential, then the measuring 
lag is defined as the time taken for the output signal to reach 
63.2% of the input signal. 


If the input signal varies in a sinusoidal form then 
the detector output would vary as shown in Fig. 12.22. It 
may be noted that the response has a reduced amplitude and 
has phase lag. Attenuation (loss) is signal = b/a. For quick 
response, the time constant to the system must be reduced 
which could be possible by using light, conducting pocket 
deeply immersed, clean fittings, closely fitting sensor and 


high velocity of fluid to cause turbulence. 


u” Input signal 












Output signal 
(Response) 


lag 





Fig. 12.22 


‘ he 
Characteristics of Process. Before choosing 


the output to match with set value. 


Response of Detecting Elements 


. Time |] 
individual la 


» Components and Plant 
ags are inevitable in a plant due to the 
gs of various components and equipment 
e lag in transmission of Signals. A]] eh lags 
re designing a control system. 

rolling a process. 








right type of control for any process, it is essentia! $ 
understand the characteristics of the process, i.e. the um 
lags (due to dead-time, and capacity). The performance ^ 
feedback control loop is basically effected by the existent? 
lags in the process. The type of control mode (i.e. proportion? 5 
proportional plus integral, or PID) to be adopted also depe” 


on the causes and characteristics of the lags associate 
a process. 


Set. a d as 
_ Pure dead time response. Dead time is define 
the time delay between a change in the control sign@ 
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pue 


, its effect on the measu 
«ning of its € rement., Fig. 12. 
em concept of dead time. It may be noted th caer 


spore input causes the output to change after a time lag 
un jdead time. Such a situation may occur in feedin Foni 








cal ace. Whenever load signal demands more coal, it is 
into f feeder to a mill where it is crushed and after a 
fed pA Jead time, the coal moves to furnace. Dead time is 


jefe es also referred to as transport lag, or distance/ 
lag. It would thus be appreciated that dead time 

ts an interval during which the controller has no 
mation about the effect of a control action already taken. 
a longer is the delay, more difficult it is to control. The 

T unt of dead time in the process has a strong effect on the 
sontroller adjustments and on the performance of the control 


loop. 


yelocity 
repres? 


fo 


+ 
=] 
on 

£ 


Output 
signal —— 





Fig. 12.23 


Capacity and its effect. Processes with pure dead 
time are rare and the time delay occur due to capacity 
elements. A capacity element is that part of the process 
system where material of energy can accumulate. The 
capacity inhibits the rate at which the measurement can 
change. For instance, larger the tank size, more it tends to 
attenuate the disturbances in level. 


The size of capacity is measured by its time constant, 
that is defined as the time required to complete 63.2% of the 
total response. Time constant of a capacity element is found 
to be approximately equal to is residence time i.e., volume of 
tank divided by the throughout. 


For a cycling input, the measurement signal from a 
element capacity cycles at the same period. 

Time Lags in Processes. Dead time is the time taken 
by process to start responding to a change in input. The time 
constant is defined as the time taken by the controlled 
variable to go through 63.2% of its full change. 


Basically there are there types of processes, viz. no 
gulation, single capacitance, and multicapacitance type 
'8. 12.24). There may or may not be dead time involved in 
> type. The three curves in Fig. 12.24 are shown as if 
“table controller output is disconnected and then how the 
hee responds to a step change input, and it is assumed 
ae there is no dead time. Curve (a) will be obtained in the 
sie level in a tank with constant overflow which baer 
oul to rise due to any disturbance. It has thus no self- 
in Fj ation. Most processes, however, have characteristics i 
ap 8. 12.24 (b) and (c), i.e. the controlled variable gradua y 
Proaches a new level by its inherent self-regulation. 

and ( The time constant of processes shown in Fig. 12.24 (b) 
€) can be determined by drawing a tangent through the 


self-re 


point of stee 
tangent line 
line gives ti 
the time co 
type of pro 





999 


pest rise in the response curve. Wherever this 
cuts the base and the final approaching value 
mes t, and t, Difference between t, and t, gives 
nstant. It may be noted that time constant for a 
cess represented in Fig. 12.24 (a) is infinity. 











No self 
regulation 


(a) 


Single 
capacitance 






Single 
capacitance 


n aE. 


tı 


~ Nue 


Time 
(c 


Fig. 12.24 


Considering the case in Fig 12.24(c) in little detail, 
for the type of input variation shown in Fig. 12.25, it will be 
noted that this curve has two distinct characteristics, viz. 






N 
1 
Input 


variation 


Variable 


Lag >|  - Reaction rate 


Fig. 12.25. Plant response to an input variation. 


(i) initial lag during which the response is extremely 
small, and 

(ii) rapid response after the lag period is over. It rep- 
resents the normal rate at which the plant responds to the 
disturbance, known as the reaction rate. The shape of this 
curve has a bearing upon the controllability of the plant. The 
smaller the lag and the slower the reaction rate the more 
simple the control system needed. o 

From Fig. 12.26 it will be noted that the capacities in 
series enlarge the delay in response time whenever a change 
in the input signal occurs. ar sr 

real processes comprise of dead times 

e onl large capacities. While dead times ma 
the control difficult, capacities make it easier. The ratio o 
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Capacities in series 
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Fig. 12.26 
First Order System 


The time delay involved in the transmission of 
information appreciably affects the performance of a closed 
loop system. These time delay can be incorporated in the 
differential equations representing the system. A system 
involving one energy storing element results in a first order 
equation. 

Considering a flywheel of inertia, J kg-m/sec? and 
viscous friction coefficient F kg-m/sec subjected to a suddenly 
applied torque T kg-m. Let us determine resulting speed 
variation with time. 


Applied torque = Acceleration torque + Viscous torque 


do 
T=J — +F 
7 + Fo 
or (œ = speed in rad/sec) 
do 1 
al T-Fo — Je 


Integrating, — = log. (T - Fa) = L +C 


Since system was at rest at, t=0 





C = = log. T 
ioe T-Fo__ La 
e T 7 J 
Fi 
or T-Fo= Te J 
T 
or Di Se AL—e-# 
F (1 —e- tT) 
where, = d j l 
T F Sec. 1s called the time constant 
Att=T wary -e )= 


J 
0.63 F rad/sec. 








other is time constant. It is the time taken to rp 


ach gan ee 
step change (Fig. 12.27). dhor, 





— j-------- 


(ae. 
Fig. 12.27 


For this reason, the first order lag is also called an 
exponential or transfer lag. 


Effect of Closed Loop on System Response 


Considering a heater in which a fluid is heated by an 
electric heater fed electric power through a linear amplifier, 
If Vp be the reference voltage, 0 the temperature of fluid in 
heater, and 

If K, Vp = heat input 

K,9 = heat lost 


K. a = heat stored 


3 dt 
then, KVR = K,0 + K, 2 
If applied voltage is suddenly changed from 0 to V, 
then, 
0 = y (1=e*?) 
K, 
where, T — K; sec. 
2 
Electric 
energy 
supply 





V Reference 
R| voltage 






Temperature = 8°C 


Fig. 12.28. Open loop heating system. 





Fig. 12.29 
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Vy = Ky® 


= error = Vp — K,,9 





K,e = K,8 + K, 2 
spd 
de 
sat K, (Vp- Ky9) = K,8 + K, a 
gue” 
KV = (Ky) +K.K,)o+K. ® 
1" RT Mig + Ah) O +K, at 
Putting, VR = V for t> 0, 
= Ky V (1—e“Te) 
K,+K,Ky - 
K 
where To= 
, K,+K,Ky 


Comparing this response with open loop system, it will 


be noted that the constant relating the steady temperature 


to the reference voltage is smaller for the close loop (since 
{Ky >K,), so that for a required temperature the reference 


vltage must be bigger for a closed loop system. 


Further the time constant is smaller for the closed 


lop, or the response 1s must quicker. 


The speed of response can be improved by increasing 
the open loop gain K,K,, i.e., the change in monitor output/ 


wit change in actuating signal if the loop were inoperative. 


Gain and phase. Any process comprises of a number 


of dynamic elements like sensors, valves, heat exchanger, 
mzer, etc., each having its own dead time delay and capacity. 
Each of these elements can be defined by its input and output. 

gain of each element is defined as the ratio of change in 


the output caused by a given change in the input. Both steady 


“ate and dynamic gains need to be considered. For a step 
= ih the output begins to change and reaches a steady output 
_ Sometime. Thr ratio of final change in output to change 


“put is called steady-state gain. Thus if a 10% opening of 


"ve causes flow to change by 100 T/hr, then its steady state 


gain = l 
0 

yeli 

: Cally 


dela 


. 10 


10 


Ng in 
8, SO d 


yed and 


= 10 T/hr/%. 


oes the output at same period, bu 
its peak is usually smaller than 


However in closed loop, one deals with signals varying 
and the sensitivity of an element 
put is measured by dynamic gain. 


to a cyclically 


When the input 


t the output is 
that of input. 





Fig. 12.30 





Dynamic gain 


Thus if a h 
e ‘ 
temperature with sphere ge Nally Puke ge 


its dynamic gain n of 50 T/hr of steam flow, then 


= Ao 
= A, and ọ is the phase shaft. 


20... 
50 .4°C/TY/hr. 


gle $ corresponds to shift in the peaks of input 
1S expressed in degrees (1 cycle = 360°) 
by —ve n case output lags input, the phase angle is expressed 
sign. It is also possible to encounter phase lead. 


, Thus in a closed loop application comprising of several 
rion elements, any disturbance signal is made smaller 
or ‘arger as it travels through each element according to its 


gain, and at the same time the output is displaced based on 
phase shift of the element. 


The open loop gain is the product of the dynamic gain 
of each and every element associated in the process. The 
dimensional units of the dynamic gain of each element must 
be specified so that unit of overall gain is dimensionless. For 
a loop to be stable, the overall gain must be less than 1, 
otherwise the oscillations will grow leading to instability. 


Phase an 
and output and 


12.13 Evaluation of Process Control 


The two important criteria for evaluation of process 
control are : 

(i) How the system error maintains the controlled 

variable at specified value, and 

(ii) The dynamic response of the system to any 

disturbance. 

Dynamic response is a measure of the system’s 
reaction, as a function of time, in correcting transient inputs, 
or adjusting to a new set point. 

A set of criteria for stability is used to evaluate the 
response of a process, control loop. These criteria are measure 
of loop characteristics and are chosen depending on the 
application. These are show in Fig. 12.31. 







Maximum 


overshoot 
| Tolerance 


Controlled 
variable 
——_— 


Step change 


en in input — >| 








Time anal 







—»| Rise þe- 
time Settling time — 


Fig. 12.31 i uit 
j equired for the sys em 

be hack to within the allowable 

ubjected to transient input. 


Settling time. T 
bring the dynamic varia 
range, when the system 15 S 
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MECHANIC A ‘a 
LENGn. 

Value of & = 1 result in critically dampeg ix NaM K. | 

Peak error. It is the first cycle amplitude whenever than one in under damped and more than one in ie an 





i Verd ty 
a system is subjected to a transient. sca. | 8 ystem) ‘ty, 
Cycling. Oscillatory behaviour should be minim1 6 a 
Minimum area. Excursion of deviations from the se Tea al + 2&0, ay + 0,20, m: 
point and the time span over which such deviations occur dt | 
should be minimum. . This is the equation of second order. 
Other loop characteristics are response time, accuracy, Considering a step change 0.=1 
drift, etc. @ = 
Analysis of First and Second Order Regulator Systems ea dy DERN 
’ Nts 
The transient and steady state performance of the dt i 


control system can be analysed to determine its stability, 
accuracy and speed of response. Transient analysis means , / 
determining the behaviour of the control system’s output eon 


The complete solution of above equation Hs 








inl A-E a y1- 
when the system undergoes some input change. The transient 0 =1- ez Sın | 1-6" @,t +tan! ae 
performance can be evaluated in terms of the maximum 
overshoot, rise time and response time as shown in Fig. 12.32 Pp 
which shows the system response to a step change input. Kartor =- represents the maximum eaa 
Steady state performance is evaluated in terms of the J= E 
accuracy with which the output is controlled for the given 
input. It must be remembered that the aim of a control system 
is to achieve the steady state in the shortest possible time and o, h E? nepresents\ peak. tinig, 


aoe a tne Gueauiwathee tie If curves be plotted for 6/6, and w,t for various values 
Since all control systems are analogous to the of the damping ratio then we get curves as shown in Fig.12.33 
mechanical systems, the analysis of control system can be 20 
carried out by considering the input change in the form of a 
periodic oscillation, a displacement, a velocity or an > = 0 (Under damped system) 
acceleration and the disturbance at output or load change 
can be expressed as a torque or force. The mechanical system 
is equivalent of a total system inertia J and viscous friction f. 
Fig. 12.32 shows a mechanical equivalent basic closed-loop 
control system comprising of error detecting and motor 
elements and the system characteristics J and f: 


1.5 M £=0.5 


Paik. A NETS 


n ; 
i S = 2 (Over damped system) 
E 










Error Developed 
— torque = k0, = 1 (Critically damped system) 
ð; e=6-0 











Ty, i o 2 4 6 8 10 12 
Opt 
d20 dð Fig. 12.33 
, Load torque = J 2o +— ° l mp 
Output variable 8, dt dt It will be noted that when the system is oade „ouli 
: , i.e., damping ratio € is less than one, then 0U sie! 
Fig. 12.32. Basic aoa: mechanical equivalent overshoot the reek steady state condition a? : hi? 
S s ; . . . i ; 
l l KIEN oscillation occur. The first overshoot is the mae to how 
The differential equation of the System is subsequently dies down. Process would i js oP 
d?o do much overshoot can be tolerated. The peme yned” 
J 72 +f ar + K®, = K6, excessive in underdamped systems. The respo” cy? 


eque” | 
System can be minimised by increasing the fred voit? 


noga ue be e 
K oscillation, however resonant condition ae 18 neat 

Putting, = = ©, = natural frequency where the frequency of the transient oscillatio tpa y 
natural frequency of the system or its compo? db? 

and, 2 VJK = fe = friction coeff 


. a feet”, 
Jerina” yoyi 
icient : Feedback control modes. A contro! s inki goi 
for critical damn; required | system is a very vital element. It is a non- ode oD a 
“ARAE and its action is based on the contro. tion of 
and, £ = Ci damping ratio proportional, integral, derivative, or com)! feed yy 
€ 


ive 
selected by the designer, to establish nega antro Pd 
Further the magnitude of the response tyes the © pat 
selected is also important. The controller 5° outp! j 
problem by a trial and error search tor 


(It may be mentioned that damping is ä 


á . propert 
the system which opposes change in the outp perty of 


ut variable. 





Scanned by CamScanner 


oNICS 


a balance among all influences on 


the controlled 
p] Unpredictable forces try to i 
e. 


nfluence the 
r. The dynamic 
elay and distort 
to reduce error. 
e process is thus 
Variation in the 
ller restores the 
t has occurred in 





the 
the re 
at Aey s output are crucial as the contro 
ontr 


c surement to the set point after an upse 
mea 


the process. . 
Oscillations in closed contro 
ative feedback is desirable in most of 
ns it can lead to continuous Oscillat 
fs characteristics of the process. Let us a 
example of heating oil ina heater by steam. 
of oil is found to be increasing, the contr 
steam valve to close. However because 
process, the oil temperature does not res 
but continue to increase due to other dist 
set it to increase. The controller continue 
until the measurement turns around and 
set point. 


l loops. While 
the applications, 
ion depending on 
gain consider the 
Say temperature 
oller will ask the 
of the lag in the 
pond immediately 
urbance which has 
S to close the valve 
begins to return to 


When the measurement d 
controller will ask valve to o 
also be delayed. Later 
second time and cause 
output. In turn, this 
measurement, and so o 
in both the measurem 

Thus, 
in the proces 
ofa feedback 
of this oscilla 


ecreases (reverses), the 
pen, but the effect of this wil] 
the measurement may reverse the 
another, reversal in the controller 
Causes another reversal in the 
n. This action results in an oscillation 
ent and the controller output. 


the combination of negative feedback and lags 
S means that oscillation is the natural response 
control loop to a disturbance. The characteristics 
tion (period and damping ratio) are the primary 
means for evaluating the performance of the central loop. 
Fig. 12.34, shows the concept of period, (time in minute 
between two +ye or —ve peaks), damping ratio (rate of decay) 
of oscillation (ratio of deviation of any two successive peaks 
™ the estimated final or average value). 


| Period | 


Single —» 





Single —> 





Time —> 


Damping ratio = 4 (b) 


Fig. 12.34 (a) Constant oscillation. (b) Decaying oscillation. 


Part; The exact characteristics of the oscillation in a 
cular loop will mainly depend on the adjustments to the 
onal, integral, and derivative responses within the 
Oller, Incorrect adjustments can make process to 
Case r damp out at a faster or slower rate, or in worst 
even m 


ake the oscillation to grow larger, i.e., B/A > 1. 
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800d control, the cycle of the measurement signal 


i ecay and end with 
to set point after 2 


Simultaneously, th 
steadily decay, 
establishing a balance 
manipulated variables. 


In fact, this oscillation re 
search for th 


output at a new value, 
among the load variables and 


present the trial and error 
e new solution to the control problem. The 
controller is not aware of the load variables. Hence, when it 
sees the measurement changing, its value, it tries new output, 


values until it narrow in on the one value that returns the 
measurement to the set point. 


12.14 Transfer Functions of Simple Systems 


The mathematical relationship between the flow of 
ation and energy through the control system can be 
represented in the form of a block diagram in which the 
various components of the control system are considered as 
functional blocks in series and parallel arrangements 
according to their position in the actual control system. Each 
component can be represented by its transfer function. 
Transfer function represent the ratio ofthe Laplace transform 
of the output variable to the input variable with all initial 
conditions taken as zero. To illustrate this, let us consider a 
simple closed loop shown in Fig. 12.35, which can be 
represented schematically by mechanical, rotational system 


composed of a motor, a total system inertia J and a viscous 
friction f as shown in Fig. 12:35. 


inform 





Fig. 12.35. Basic closed-loop control system. 


The differential equation of this system can be found 








to be 
2 
r Žo 4 ¢ 2o 4 Ko, = Ke, 
dt? dt 
from the idealised equation, viz. 
2 
Load torque =J d 9, 
dt 
Developed torque = K.e 
and error e =0;-0, 


Above equation can be simplified as 
2 
d'0, ri f d@, i K 9 X 











de J dt J ° i 
d'8, 2Ew 78, + 0,70, = 0,8; 
or T e 
where, w, = natural frequency = JK IJ 
€ = damping ratio = f/f, 7 
where fo = friction coefficient required for critical 


damping = 2/JK 





A 
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i m 
The overall transfer function of the — 
described by above equation can be written as 10 


Po o on 
o (S) S’ +20,5 +O 
s the transfer function of the 


i esent 
The equation rep? form would be 


control system which in block diagram 
represented as shown in Fig. 12.36. 


10 MQ 







Constant 
voltage 
source 


Fig. 12.36 


Two important conditions for determining the transfer 
function of any system are 
(i) the component must be described by linear 
differential equation ; and 
(ii) each block is unilateral, i.e., what occurs in one 
component may not affect the components 
preceding. 

Let the system shown in Fig. 12.36 be subjected to a 
command input, 6, (S) and a disturbance U(S). If there is no 
disturbance, t.e., 

U(S) = 0 
and input is a reference change, then 
E(S) = 6(S) — 0 (S) H (S) 


and 6(S) = E(S) [G? (S) G? (S)] 


@(S) G’ (8)G* (S) 
0(S)  1+G*(S)G?(S)H(S) 





Similarly, when 
6(S)=0 and the input is a 
disturbance, then 
E(S) = - 8, (S) H(S) 
and [E(S) G*(S) + U(S)] GS) =0 (S) 





0, (S) 2 G*(S) 
U(S) 14+G?(S)G? (S)H(S) 
It will be noted that the above two equations are in 


the form 


Response function 


Excitation function _ System function. 


Obviously system function can always be expressed 
A(S) 
B(S) 


as ratio of two polynomials 





MEUNANICAL Fy 





“ane 
‘ 


Equation B(S) = 0 provides characteristics 
of the system. eq 
When the excitation function is Specified 
transformation of 8; (S) yields 6, (t), the transient inven, 
In complex control systems, one often aa espo 
auxiliary feedback paths in the system provided ni ) 
to improve system’s performance. For analysis pirni 
secondary loops can be combined into the main onii 
to form an equivalent series block and transfer fant 
Control Actions 
There are five main modes of control which ca, 
used to control the process at the desired value despite t 
difficulties, occasioned by the characteristics of the plant ne 
process. 
1. Two steps or on/off 
3. Integral 
5. Proportional plus integral plus derivative 


= 
ea 
d h 
RA 
lr à 


thy 
ny 


D. 


2. Proportional 
4. Derivative 


12.15 Microprocessors and Microcontrollers 


A processor is the logic circuitry that responds to and 
processes the basic instructions that drive a computer. The 
processor in a personal computer or embedded in small 
devices is often called a microprocessor. A microprocessor is 
a computer processor on a microchip. A microprocessor is 
designed to perform arithmetic and logic operations that 
make use of small number-holding areas called registers. 
Typical microprocessor operations include adding, 
subtracting, comparing two numbers, and fetching numbers 
from one area to another. When the computer is turned on, 
the microprocessor is designed to get the first instruction 
from the basic input/output system (BIOS) that comes W 
the computer as part of its memory. A microprocessor Is ê 
CPU that is in just one IC (chip). It is a small VLSI ya 
large scale integration) chip with many pins. Jt process’ 
information and manages the exchange between the bpi 
Output units and main memory. It is controlled by 4 segt” 
of instructions called microprocessor program, and ther? ut 
of this program is sent to the appropriate peripherals we 
and output). 

The three basic characteristics of micro 

e Instruction set: The set of instruc 

microprocessor can execute. 

> Bandwidth: The number of bits 

single instruction. 

e Clock speed: It determines how many ae ysu 

per second the processor can execute. It} 
in terms of MHz. 


processor a 
tions t att 


in ô 
processed s 


ctio® 
val 


12.16 Microcontroller ptai®? 
e more self-c0 yte! 


A microcontroller is meant to b od come 
and independent, and functions as a tiny dedicate aa go 
Micro controller is a single chip. It consists of ne ] tha” 
I/O ports. Microcontroller is more econo™ ria 
microprocessor because it does not use sevice? ay 
microprocessor, memory, and input/outp eh a pre 0 
integrates them on a single chip. Microcontro! ois 


. . i S. 
in automatically controlled products and devicé 
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res of 8085 Microprocessors 





eatu Getting the 
faster than 





The Intel 8085 is an 8-bit microprocesso 


operand from 
or provide 8-bit data simultaneously 


r. It can accept, 





from mem i 

$, . - It operat Purpose regi ory. It supports six 8-bit | 
proves ower supply. It is “OR i ~ register arra in pair: 1t general | 
single + a ae iG ar . d ee nae i N-MOS és registers betae a Ee rand a twiolg | 
' SO ; n i i 

wel = 65536 bytes (64 KB) memory locati it can address | [48 8-bit accumulator, flag r sack pointer (SP), It | 


Ons. 8085 in an 


opr”. b 
g.bit microprocessor because data bus is a group of 8 lines 


(Do j D3). 






(8) 


Register 










array 


Data bus 


12.17 Microprocessor Architecture 


8085 microprocessor consists of various units and each 


unit performs its own specifi i 
: lied f : 
functional blocks are: P chion. PAS various 


1 






t 
AD; —AD 5 
Addaress/Data bus 






(16) 
(16) 


Incrementer/Decrementer 


(16) 







Data/Address buffer 








. Arithmetic and logic unit (ALU) 
. Registers 


. Accumulator (A) 






Stack pointer 


Program counter 
address latch 





SOD 





2 

3 

4. General purpose registers 
5. Program counter (PC) 

6. Stack pointer (SP) 
T 
8 
9 


4 
A15- Ag 
Address bus 







Address buffer (8) 





Serial I/O control 


. Temporary register (W, Z) 
. Flags 


SID 


. Instruction register and decoder 
10. Timing and control unit 
11. Interrupt control 
12. Serial input/output control 
13. Buses address bus and data bus 
14. Address buffer and address-data buffer 





8-Bit 
internal 
Reset 


a 





Instruction 
decoder 
and 
Machine 
cycle 
encoding 


RESETIN O"! 





HLDA 


HOLD 


I/O computer Interfacing 


(8) 


Sọ S4 1O/M 


Data can be transferred between the microprocessor 
and the outside world by using I/O devices. This can be done 
in groups of 8-bits using the entire data bus. The first step in 
interfacing an I/O device would be to determine which 
instructions will be used to access it. 


An interface is a shared boundary between the devices 
which involves sharing information. Interfacing is the 
processes of making two different systems communicate with 
each other. 


Interrupt control 










Arithmetic 
logic unit 
(ALU) 
Timing and Control 





+5 V 
GND 





RD WR ALE 
out Ready 


CLK 


I/O Interface I/O Devices 


System bus 







Accumulator 
(8) 


supply —{~ 7 


Power 


Fig. 12.37, Internal architecture of 8085 microprocessor. 


Memory Memory 
It o It provides 8 bit I/O addresses to access 256 I/O ports. 
es at 6.144 MHZ single phase clock. It is enclosed 
8-bit Pins DIP (Dual in line package). In 8085, the lower rig. 
multi address bus (A, — A,) and data bus (D — Dp are 


There are two types in which a microprocessor can 
connect with outside world or other memory systems. 


(a) Serial communication interface 
(b) Parallel communication interface 


is iexed to reduce number of external pins. But due to 
and xternal hardware (latch) is required to separate address 
in ata lines. It has 8-bit accumulator, flag register, 

ruction register, six 8-bit general purpose registers (B, 
>, H and L), and two 16-bit registers (SP and PC). 


F 
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(a) Serial Communication Interface: In —_ — 
munication interface, the interface gets a single — a 
from the microprocessor and sends it bit by bit to ot pol 
tem serially (or) the interface receives data bit by bit seria of 
from the external systems and converts the data into a single 
byte and transfers it to the microprocessor. 

(b) Parallel Communication Interface: In paral- 
lel communication interface, the interface gets a byte of data 
from microprocessor and sends it bit by bit to the other sys- 
tems in simultaneous (or) parallel fashion. The interface also 
receives data bit by simultaneously from the external sys- 
tem and converts the data into a single byte and transfer it 
to microprocessor. 


Types of Interfacing 


There are two types of interfacing in context of the 
8085 processor. 


(i) Memory Interfacing. While executing an instruc- 
tion, there is a necessity for the microprocessor to access 
memory frequently for reading various instruction codes and 
data stored in the memory. The interfacing circuit aids in 
accessing the memory. 


Memory requires some signal to read from and write 
to registers. Similarly the microprocessor transmits some 
signals for reading or writing a data. 


The interfacing process involves matching the memory 
requirements with the microprocessor signals. The primary 
function of a memory interfacing circuit is to aid the 
microprocessor in reading and writing a data to the given 
register of a memory chip. 


(ti) /O Interfacing. Keyboard and displays are used 
as communication channel with outside world. Keyboard and 
displays also need to be interfaced with the microprocessor. 
This is called I/O interfacing. Latches and buffers are used 


for interfacing the keyboards and displays with the micro- 
processor. 


12.18 Programmable Logic Controller (PLC) 


These are used for controlling sequences of events. It 
replaces relay based logic systems and solid state hardwired 
panels. A programmable logic controller is digitally operated 
electronics System, designed for use in an industrial 
environment, which uses a programmable memory for the 
internal Storage of user oriented instructions for 
implementing specific functions such as logic, sequencing 
timing, counting and arithmetic to control, through digital 
or analog inputs and outputs, various types of machines or 


processes, 
Programming Power 
device Supply 








Micro- 
processor Output 
field 
devices 
(Process 
devices) 


Fig. i 
9-12.39. Block diagram of Programmable logic controller 
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Some of the major improvements in PLC ¢ 
are faster scan time, intelligent I/O (e.g, high speed Ulp 
and positioning), Supervisory contro] capabilit Ute 
documentation, local communication netwo, Y, SYstep 
block instructions, ASCII message handlin, 
production report and diagnosing its own failur 
of the machine or process. 

PLCs are categorized on basis of Sea 
varies from 1 to 100 m. sec. CPU is the MICroproces, 
controls and supervises the entire process, The Cp OF thes 
the users program and updates the status of the , 
executes the various logic and sequencing func 
controller of a PLC. It reads the inputs, takes these yal 
according to control application program, energize oy x 
energizes the outputs, thus solving the ladder network. i 
the logic has been solved, the processor will update the 
outputs. The process of reading the inputs, executing the 
control application program, and updating the output is 
known as SCAN. 

PLC memory is divided in two categories: system 
memory (operating system) and application memory. System 
programs is stored in ROM. Application program is storedin 
RAM. The memory for PLC may range from 1 KB to 64 KB 
of storage capacity. 
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The PLC is programmed by means of a programming 
device which enables the programmer to enter or edit program 
instructions or data. The basic elements of a programming 
device are keyboard, visual display, microprocessor and 
communication cable. The programming device (terminal)is 
normally connected only to the programmable controller 
system during programming or during trouble shooting of 
the control systems. Otherwise the programming devices 
disconnected from the system. 


Input modules serve as the link between field input 
devices and the PLC’s CPU. Each module has terminal b 
for attaching input wiring from each individual field mp" 
device. It converts input signal to a level that the CPU ne 
work with, and send the signal to the backlpane bo 


‘nput 
CPU. Typical input modules have either 8, 16 or 32 0P : 
terminals. 


: 

Output modules serve the link between = a 
CPU and field output devices. The main function of an lat 
module is to take the CPU’s control signal, electri an evic 
it, and energize or de-energize the modules switching tput 
to turn on or turn off the output field device. TyP! 
modules have either 8, 16 or 32 output terminals. er 

The programming language allows me "addef 
communicate with PLC via programming device. ntrollet 
diagram (LAD) is the most common programmable ia erfor® 
language. It consists of a set of instruction that se A Jogi® 
the most basic type of control functions : rel ae Tb? 
timing, and counting, and basic match operatio ations 
instruction set may be enhanced to perform other age le 
like analog control, data manipulation, reporting. | jon list 
control logic, etc. Higher level language and cee, 
are also used for programming PLCs. 


12.19 Microcontroller a 


e Us”. a, 
Now-a-days upto 32-bit microcontroller in catio? 
a CPU in PLC system. CPU takes care of com 
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ectedness among other parts of PLC controller 
<ecution, memory operation, overseeing j 
prost? a of an output. P LC controllers have ant lex 
setting for memory check up in order to ensure that PLC 
oe was not damaged. CPU unit makes a great number 
ee ps of PLC controller itself, so eventual errors would 
Jiscovered early. 
The processor of PLC controls the operating cycle or 
or scan. This operating cycle consists of a series of 
ns performed sequentially and repeatedly. Editin 
f PLC are: Off-line editing, On-line editing in 
e memory that is responsible for directing system 
activities. The operating modes of PLC are program mode, 
„un mode, remote program mode, test mode, single test mode, 
single scan test mode, continuous scan mode. Processor status 
indicators are, Run, Force, Fault, Power. 


er 
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modes a; 
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12.20 Robots and Robotics 


Robot, once a creature of science fiction, is today a 
reality. It is the off-shoot of the second industrial revolution. 


Robot can defined as a programmable multifunction 
manipulator designed to move material, parts, tools, or 
specialised device through variable programmed motions for 
the performance of variety of tasks. Today’s robots are fitted 
with a variety of sensors (like vision, ranging, force torque, 
touch, proximity, etc.) sending the sensory information to 
the computer which processes them subject to given objective 
and constraints, and develop action decisions for the robot 
actuators. Robots are more flexible in terms of ability to 
perform new tasks or to carry out complex sequences of 
motion than other categories of automated manufacturing 
equipment. Generally speaking, robots are machines with 
some degree of intelligence and operated under the control 
ofa mini or micro-computer. 

Industrial robots (tough and tireless) are capable of 
handling a variety of jobs right from material handling to 
complex assembly tasks. They perform hazardous and 
Monotonous tasks with tireless precision. They improve 
Productivity and reduce manufacturing costs. They can 
Perform complex jobs. They can even cope with chang} a 
“onditions in the workplace, when fitted with sensors an 
adaptive controls. 


Robotics concerns all problems of rob 


a opment and application. The important areas 
e: 


ot de sign ’ 
of robotics 


aes for 
(i) Prosthesis. It deals with artificial replacements 


of the human body. 


the h (ti) Exoskeletons. It deal 


nig uman limbs or frames and devices an 


Parts 


s with frames which surround 


d means for am- 


“ation of available power. 


ii ) te manipu- 
0 (Hi) Telecherics. It is concerned with remo 
n. 


lati 


, igned 
(iv) Locomotive device. lt deals with robots design 
on legs. 
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Reasons for Using Robots 


The reasons for int 


Process could be : roducing robot into a production 


(a) It relieves man of hazardous of fatiguing tasks. 


(b) It brings improvements in product consistency 
and quality. 
(c)It offers opportunities for multi-machine 


manning for multishift operation and for wholly 
unmanned production. 


(d) In countries short of labour, it brings in savings 
from labour reductions. It increases the output 
without increasing the labour force. 


(e) Robots will lead the way into areas of technology 
where man has not entered so far. 


(f) Mobile robots with moving arms and wide sensing 
power will find more applications. 


Basic Elements of Robots 


The basic elements of industrial robots are 
manipulator, controller, end effector, sensors and energy 
source. (Refer Fig. 12.40). 


Elbow 


Electrohydraulic i 
extension 


power supply 






Shoulder 
swivel 









Computer 
for control 


Manipulator 


Fig. 12.40 


The manipulator comprising of base, arm and wrist 
are the most obvious parts of the robot. The robot S 
movements are executed by the mechanical parts like links, 
power joints, and transmission system alongwith internal 
sensors housed within the manipulator. 

The controller acts like a brain of robot. It performs 

l j ing data in memory, 
he functions of storing and sequencing 
Aahe and stopping the motions of the manipulator, and 
: r , t 

‘nteracting with the environmen". Saas 
End effector is the tool, a sort of gripper, which a 
interacts with the job. Grippers are being designed to han 


a wide range of part configuration. 
Sensors to sense the environ 


intelligence robots. 


ment are essential for 


to cause movement of the 


Energy source is required io Te form of electrical, 


manipulator arm. They may ta 
hydraulic or pneumatic devices. 
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Mechanical Design of a Robot 


The mechanical design of a robot is an ange at 
process involving evaluation and choice among a rt l 
number of engineering and technical considerations In se i 
disciplines. A purely static, rigid-body approach to design 
not sufficient and factors like mechanical system stiffness, 
natural frequencies, control system compatibility also need 
to be considered. A robot should be designed to have only the 
flexibility it needs to perform the range of tasks for which 1t 
is intended. The various design consideration are : 

1. System specification-It includes range, reach, work 
envelop, load capacity. 


2. System configuration—It includes the joint configu- 
ration, number of degrees of freedom, joint travel range, drive 
configuration. 


3. System performance-It includes system velocity 
and acceleration, repeatability, resolution, accuracy, compo- 
nent life and duty cycle. 


Detailed design of major components concerns the 
robot structures, robot joints, actuators, transmission, wiring 
and routing of cables and hoses. 


One should evaluate the possible flexibility of the 
robot, grippers, tool, and peripherals units and integrate all 
components to one system. 


Types of Joints 


A joint permits relative motion between two links (or 
arms) of a robot. It provides controlled relative movement 
between two (input and output) links. Usually one joint 
provides the robot with one degree of freedom. The robots 
are usually classified according to the number of degrees of 
freedom possessed by them. Various types of mechanical 
joints are: 


(i) Linear joint (type L joint). It permits linear slid- 
ing motion between two links whose axes are parallel. 


(ii) Orthogonal joint (type O joint). In this case the 
two links are perpendicular to each other but motion between 
them at the joint is linear sliding type. 


(iii) Rotational joint (type R joint). It provides rota- 
tional relative motion of the joints, with the axis of rotation 
perpendicular to the axes of two links. 


. (iv) Twisting joint (type L joint). It permits rotatory 
motion between two links, the axis of rotation being parallel 
to the axes of the two links. 


(v) Revolving joint (type V joint). It also provides ro- 
tary motion, but the axis of the input link is parallel to the 
axis of rotation of the joint, and the axis of output link is 
perpendicular to the axis of rotation. 


In a very general way, a robot could be considered 
made up of two section, (i) body-and-arm, and (ii) wrist 
assembly. The object to be moved is handled by the 
manipulator’s wrist with the help of end-effector. The bod 
and arm help to position the object (by having three depres 


of freedom of moving the object in vertical motion. ie Z- 
RIR radial or in-and-out, i.e., Y-axis motion ‘and 
: ap betes motion, L.e., X-axis motion or a swivel about a 

ical axis). The wrist helps to orient the object by having 


th 
ree degrees of freedom viz. roll (rotation of object about 


eer o.. 


MECHANICAL Eye 
the arm axis), pitch (up-and-down rotation ofc w 
the arm axis), pitch (up-and-down rotation op ttan, ) 


n : 3 
yaw (right-to-left rotation of the object), of Ties a 






* 
‘wh 


L Joints 





V Joints 


R Joints 


T Joints 
Fig. 12.41 


Fig. 12.42 shows the typical configuration of a wry 
assembly providing 3 degrees of freedom, viz. roll, pitch and yar, 






oe 


Connected 
to robot 
arm 


Roll 


Yaw 


Fig. 12.42 


Notation of Robot’s Manipulator 


We have already seen that a typical robot can be 
divided into two parts, viz. body-and-arm assembly, and 1 
Each of these could have three degrees of freedom obtain j 
by combination of the five types of joints, (viz. L, 0, R, 
V types). 


OTT) 
The manipulator can be described by the notati hy 
joints that make up the body-and-arm assembly, follo” e 
the notations of joints that make up the wrist assem" =" 
two are separated by a colon (—). One examp 
manipulator having 5 degrees of freedom (wit 
and-arm and 2 in wrist) could be TLR-TR. 
sequence of joints mentioned is by starting from 
moving towards the end effector. 


Configuration of Robots 


A large number of combinations are possible P 
a robot. For example, a robot manipulator having ` gatio’ 
of freedom can be designed by using different we jatio™ 
of 5 types of joints in 5 x 5 x 5 (125) ways. Further a 
are possible when we consider the sizes, range ation 
orientation, etc. The five commonly used con® TA RA. 
polar, cylindrical, Cartesian, jointed-arm, an 
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L ò Polar coordinate body-and-arm assembly. Since 

is nieved by three joints T, R and L, is is represented 

this is ac otation. From Fig. 12.43 it will be seen that the 

T. ach arm (sliding type) can be actuated relative to 

"joint, or rotated about vertical axis (T-joint), or also 
bout a horizontal axis (R-joint), 


y 
rist aS" 
| rotated a 





Fig. 12.43 


(ii) Cylindrical configuration. It can be achieved by 
various combinations like TLO, LVL. From Fig. 12.44 it will 
be seen that the arm assembly mounted on a vertical column 
can be moved up and down (L joint), or rotated about the 

| column (T joint), or the end-of-arm could be moved in or out 
| Telative to the axis of the column (O joint). 





Fig. 12.44 





Fig. 12.45 


(tit) Cartesian coordinate body-and-arm assembly. (Re- 
fer Fig. 12.45). Since all motions in this case are linear type, 
it is also called rectilinear robot or X-Y-Z robot. It incorpo- 
rates three linear sliding joints, with two being orthogonal 
and thus represented by LOO notation. 


(tu) Jointed-arm body-and-arm assembly. (Refer Fig. 
12.46). It resembles the configuration of a human arm. Its 
arm has a shoulder joint and an elbow joint. The arm can be 


Swivelled about the base by combinations of TRR or VVR 
joints. 





Fig. 12.46 


(v) SCARA body-and-arm assembly (Selective Com- 
pliance Assembly Robot Arm) can be achieved by VRO joints. 
(Refer Fig. 12.47). This is similar to the jointed arm robot 
except that the shoulder and elbow rotational axes are verti- 
cal. It is very well studied to perform insertion tasks such as 
for assembly in a vertical direction requiring side to side 
adjustment to make the two parts properly. Because of mini- 
mal orientation requirements, wrist assembly can be avoided. 


che 
Uv 


Fig. 12.47 


Classification of Robots 


Robots come in different sizes and forms and with 
differing capabilities. The various types of robots could be 
classified as : 

(1) non-servo and servo-controlled robots 

(ii) low, medium and high technology robots 

(vit) first, generation robots (simple programmable), 
second generation (capability to understand the environment 
by acquiring data), third generation (intelligent robots). 

(iv) based on manipulative function these are classi- 
fied as pick and place robots, special purpose robots and uni- 
en ] dinate cylindrical co-ordinate 

aC r co-or , 
See (polar) co-ordinate and jointed arm robots. (Refer 
Fig. 12.48) 
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Fig. 12.48 


(vi) based on motion characteristics, these are 
calssified as point to point robots and continuous path robots. 


These could also be categorised according to the 
accuracy and repeatability of motions, and according to load 
handling capacities. 

Robots are available from simple robots which provide 
pick and place motion to large programmable robots (with 
arm extension and capable of handling loads of several 
hundred kilogram, which can handle parts directly into and 
out of production machines and processes). 


The selection of proper robot for a given application, 


therefore requires a great deal of understanding of 


requirement and purpose. 
Broad Classification of Robots 


Broadly three classes of robots, could be considered. 


(i) Preprogrammable/reprogrammable general pur- 
pose industrial robots—These operate fully by programmed 
computer control. These are most useful for all structured 
operations, i.e., activities whose motion and work handling 
requirement are known before hand and thus can be pro- 
grammed. The robot is taught before hand to perform the nec- 
essary action in the teach mode. The robot can then take over 
and execute the operation repetitively such as in welding, 
painting, assembly of components for mass manufacturer, load- 
ing/unloading of jobs into and form machine tools, etc. 


(it) Tele-operated, man-controlled robots or man-in-the- 
loop manipulator—These differ from totally machine 
controlled robots in the sense that the advantage of presence 
of man is taken in situations where it is not possible to 
anticipate all the motion and handling requirements in such 
details as to render them programmable or teachable for 
machine control. This type of requirement is found in 
hazardous locations. The servodriven master-slave 
manipulator with force feedback, or vehicle mounted heavy 
duty multi-axis power manipulator performs the necessary 
work in hazardous environment, taking commands from a 
human controller who can manipulate the slave arms at the 


repel of operation from safe location, relying for viewing on 
closed circuit television. 
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(iii) Intelligent robots—These are very adva ai 
of the art robot and possess sufficient artificia] need, tat, : 
intelligence, somewhat analogous to the senso m te 
of the neuro-muscular coordination that human bes Pio 
capable of. Such intelligent robots can not on] i 
environment on their own machine perception ang e the 
them in real time, but also execute the necessary mote 
tions matching the action of their sensory inputs. ne r funy, 
robots have been built with mobility to not only aad 
floors but also to climb, ability to avoid obstacles, hi > 
to-weight ratios, compactly assembled, with on 
sors, instruments and power supplies. 

According to another general method of classificati 
robots are classified as : lon 

(a) Special purpose, designed and produced for 
limited range of specific jobs, like welding, painting, casting 
assembling, material handling etc. 
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(b) General purpose of universal robots, designed and 
produced to perform a wide variety of jobs. These may b 
non-servo-controlled, servo-controlled or sensory type depend. 
ing on sophistication. 

Special purpose robots use manipulators with limited 
degrees of freedom. The arms may be activated either 
hydraulically of pneumatically. The program of robot's 
movements is recorded in its memory in sequence. 


Non-servo controlled robots are simplest type and have 
inherent limited control sequence characteristics. Their arms 
are operated by an open loop between exact end point 
positions on each axis. In point-to-point control, only end 
points are defined and how these are achieved, i.e., how the 
arms moves to reach end points is of no concern. However, 10 
trajectory control, all points between start and end points 
are predefined. Arm’s motion may be required along straight 
lines, circles spirals, or arbitrary curves or combination o 
these to reach from one point to other. 


Servo-controlled robots utilise the position, velocity; 
acceleration, force and torque sensors additionally 10 we 
to estimate the internal states of the manipulator. Ift ; 
states at any time are in deviation to predetermi i 
operational parameters of the control program, then 
corrective action is taken to reduce the deviation to zero. 
is possible to operate them with precision of the order ne á 
to 1 mm movement. Robots capable of approximating 
motions of a human arm with high lifting capacity of 
variable lifting speed are available. Robots ne +0 
calculating automatically the shortest route betwee 
points with given constraints are also available. 


ors; 

Sensory robots in addition to internal contro sere 
employ external sensors like TV, cameras, ae rang? 
detectors, magnetic sensors, force-torque sensors, we oi 
finders, etc. These sensors find out the robot’s relati to 
environment and determine the location of pa 
handled. The computer based on information from ing W 
effects appropriate program modifications thus e pe opols 
changing requirements and unpredictable situato able of 
with arms having eight degree of freedom an 0 jects 
identifying a given object from a random collectio ynder ai 
have been produced. Robots working automaticaly One rob? 
direction of human voice have also been develope ng its are : 
recognises the object and its orientation by aan ott and a 
and calculating the rate of change of area of oP) 
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ch ee 
yee „s scan proceeds. Robots with vision system are 


rea ting and sorting parts for automatic as 
» for ai Some robots work on the pattern Stitt 
‘ gh p ai cting distinctive parts of the object’s silhoette 
ost pe on this information using advanced software 
# ope! < Robot with proximity sensing (sense without 
Jo h and tactile sensing (sensing by grasping gently) 
w ico been developed. 

» most versatile robots can have following degrees 


m: 

(i) Rotary movement 
Redial arm movement 
Vertical arm movement 


(vii) Horizontal travel 
These axis of movement enable movements to be 
rogrammed that duplicate those of a human operator in 
performing a job. 
In selection of a robot for a particular application, 
following points should be considered : 


(i) adequate number of degree of freedom 
(ii) reach 
(iii) load capacity required 
(iv) speed of movement 
Robots may be powered electrically, hydraulically or 


pneumatically. The electrically powered robots have the 
advantage of accurate movements and quiet operation. 


Expected Qualities in Robots 


The qualities expected in robots are listed below : 


(i) Vision. The utility of robots will increase several 
folds by incorporation of vision systems. Vision systems 
capable of identifying the part for pick up by pattern 
recognition data based on object’s silhoutte have been 
developed. Such systems can transform the position and 
‘entation of the object into robot co-ordinates enabling the 
robot to acquire the object in a known manner. Other type of 
vision systems can recognise different object. For each part, 
nber of distinguishing geometric features can be 
z ineated, including area, perimeter, centre of gravity, 
umber of holes and maximum and minimum radii. 


In another vision system, a fibre sensor is used to look 


ata seam to be welded and automatically adjusts the robot’s 
Weld path. 


‘i Tactile sensing. Robots with tactile sensor gan 

etenced an object and perform the function based on the ee 

Pan ‘ ata. Grippers have been developed which can ple 

force Y Shape of objects and at the same time not exert enough 
0 crush them. 


tion ie Mobility. Usually the robot stands in a single = 

l ermitt © bulk of factory requirements. However, to nae T 

Vice yy oe and a synchronous demands, compact mobile 

ec ich could move in complex paths and access large 
íi *nomically has been developed. 

develo ») Other important qualities in the process of 
pment in robots are : Computer interpretation of the 


vis : 

cee and tactile data, multiple appendage hand-to-hand- 

bende minimized spatial intrusion, general purpose 
» Man-robot voice communication, total self-diagnostic 


f . . 
ault tracing, inherent safety, interaction with other 
technologies, ete. 


Specification of Robot 


; (i) Work envelope. Work envelope or work volume of 

manipulator 1s defined as the envelope or space within 
which the robot can manipulate the end of the wrist. It 
depends on the number of types of joints, physical size of the 
joints and links and the ranges of various joints. The shape 
of work volume is dependent upon the configuration of robot, 
for example, polar configuration has partial sphere as work 
Space, cartesian coordinate configuration robot has a 
rectangular work space, and a cylindrical robot has a 
cylindrical work envelope. 


(11) Load carrying capacity. It is dependent on the 
physical size and construction of robot, and also on the capa- 
bility to transmit force and torque to the end effector in the 
wrist. 

(iii) Speed. It varies from one point to other and it can 
be programmed into cycle so that different portions of cycle 
are performed at different speeds as desired. Maximum speed 
may be of the order of 2 m/sec. In fact more important than 
speed is the accelerating and decelerating capability in a con- 
trolled manner. Robot may hardly achieve its top rated speed 
in view of its operation in a confined area. 

(iv) Repeatability. It is the measure of the robot’s ability 
to position an object at a previously taught point in the work 
envelope. Due to inherent errors present (particularly due to 
mechanical sources), the robot will not be able to return to 
exact programmed point. 

(v) Control resolution. It refers to the capability of the 
system (both controller and the positioning device) to divide 
the range of total movement into closely spaced points than 
can be identified. Thus it would represent the minimum 
noticeable movement achievable. It may be mentioned that 
controller can generate pulses of very small duration but the 
positioning device should be able to respond and change its 
position accordingly. In such a case 
Range of movement 

ga 
n = number of bits devoted to a joint 
2” = number of addressable points. 

(vi) Spatial resolution. Control resolution concerns the 
resolution for only one link and one motion. Spatial resolution 
combines the control resolution of all motions and also 
considers the mechanical errors in the joints and associated 
links. The spatial resolution varies depending on the exact 
position of wrist end because certain joint combinations would 
tend to magnify the effect of control resolution and the 
mechanical errors. 

(vii) Mechanical errors. These arise from back-lash in 
gears, hysteresis, deflection of links, hydraulic leaks etc. and 
can be characterised by a normal distribution. 3 

(viii) Accuracy. It is the measure of the ability of ree 
of position the end of wrist at a desired location in the wor 
envelope. 


Control resolution = 


where, 
and 
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ber of preset logic steps, which causes one o 


Let us consider the accuracy treatment for a single aE vend 
he appropriate | i More : 
link and single motion. The worst case would occur when the | move until s pp iai i “as Switch on the axis is i Joint, 
desired location lies directly between two adjacent control i ba ie join 5 ae These inco rat ed 
oi Points set by the control resolution). ack devic uators of th ale fo 
points (Poi y which continuously measures the position of east Uulan 
Normal distribution have much more manipulative quality and a axis, Thee 
of mechanical errors end effector anywhere within the total work envo ion the 
Ope. 


These could be further classified as - 
fr Control points (a) Point-to-point Control. In this System 
is controlled by an independent position servo wika L Joint 
| moving from position to position independently 1, . JOintg 
joint or axis of the robot is moved individually mile Cach 
€ co 


Repeatability eo bination of joint positions yields the desired positi ` 

l end effector. The way each joint is to move to a Of the 

Accuracy position is practiced before hand and stored in ae final 
aie device. As per this stored information each joint ieee 

at its maximum or limited rate until it reaches its final eel 

Fig. 12.49 on. a 


n mechanical positioning system can Point-to-point motion could be controlled 
e 


The inaccuracies i 
be considered to have normal distribution with a constant independently in sequence joint control, uncoordinate divs 
variance over the range of movement. control, or terminally co-ordinate joint control. In ai 
With these data it is possible to create a mathematical | joint operation one joint is activated at a time, while al] other 
model for further design improvements. axes are immobilised. A single joint may operate more than 
} From Fig. 12.49, following definition can be | once in a sequence associated with such a motion. The 
| established : resulting path of the a end effector will thus have 
| . a zig-zag form associated with the motion directions o 
| Accuracy = Control resolution + 30 manipulator joints. It results in immediate malhat 
2 the control. However, it causes longer point-to-point motion 


(o = standard deviation of mechanical error). | time. In uncoordinated, joint control, the motions are not 
coordinated, in the sense that if one joint has made some 
fraction of its motion it does not imply that all other joints 
will have made the same fractions of their respective motions. 


Repeatability = +30 = 60 
Spatial resolution = control resolution + 60 


In terms of spatial resolution, accuracy 
When each joints reaches its final position, it holds and waits 
3 Spatial resolution until all the jobs have completed their motions. Due to non- 
2 coordination of motion between joints, the path and velocity 


Since robots move in three-dimensional space, the | of end effector between points is not easily predicted. 
distribution of all above items is also three dimensional. The | Terminally co-ordinated joint control is the most useful type 
normal distribution in 3-D can be conceptualised as a sphere | of point-to-point control. In it the motion of individual joints 
whose mean is at the programmed point and radius is equal | are co-ordinated so that all joints attain their final position 
to 3 x standard deviation of the repeatability error | simultaneously. It is used primarily in applications where 


only the final position is of interest and the path is not a 
e continuous path of the en 


to the application, then 


distribution. 
The repeatability values for modern robots are of the | prime consideration. Where th 
order of t+ 0.05 mm. effector is of primary importance 


. (ix) Stability. It refers to the amount of overshool and | Continuous path control is used. 
oscillation in robot motion as it is about to reach a certain (b) Continuous Path Control. It is used where 


location. A stable has less oscillation but it becomes inher- | continuous path of the end effector is of primary importane 
interpolating 


ently slower in response. Continuous path motions are produced by -desire 

1334 l joint control variables from its initial value to its ai 

; inematic Controls of Robots final value. Each joint is moved the maximum a the 
The various ways in which the robots could be required to achieve the desired final positions ° ea 

controlled are : robot tool a controlled predicted path. All the joints ¥ otions 
are interpolated to make the joints complete ae 


(i) Non-servo Control Robots. Non-servo-contr 

. 3 olled | _. _ . - 
robots move their arms in an open loop fashion between ex- POSLANE ONA E aA oe wee used 12 
act end positions on each axis, or along predetermined tra- Depending on the quantum of information ©. uous 
jectories in accordance with fixed sequence. Such controls | ™°t°F control calculation the basic categories ° 


could be executed either by sequence controllers or by limit path eomtieo)-teenniguen are: has a stored "i 


(i) Servo control approach (controller 


switches. In latter ty eee 
pe, more than one position is defined ye Si 
along an axis by indexable stops inserted or withdrawn au- | resentation of the path to be followed, and re a all cal 
to the robot’s motors are determined by per a “king orrot) 


tomatically. A sequence type control steps through a num- 
culation based on the past and present path 


p. ~ 
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4aTRONICS 613 


Fig. 12.51 shows a top view of SCARA mechanism. 
Outer arm has length L,, and inner one L,. X and Y axis can 
be seen and Z axis and vertical axis are into and out of the 
page. Three rotary joints are shoulder joints (S), elbow joint 
(E), and wrist joint (W). Tool is located at rotary angle (R). 


me “tthe robot’s current location, in addition to the past 
ea 

h present ` a . 

p Gii) Path planning or trajectory calculation approach 


atroller 38 fed with a a description of the manipu- Forward kinematic equations for this mechanism are 
20 ` i z . 
jor from one point to ox E i nee AE physi- X = L, cos (S) + L, cos (S + E) 
«podel” of the arm and 1s “oag, and precomputes an ac- Y = L, sin (C) + L, sin (S + E) 
ation profile for every joint, predicting the nominal B a 2 
ee signals that should cause the arms to follow the de- R=S+E+W 
red path). Z=V +20 


Continuous path control requires lot of memory space (Z) = vertical distance of Z when vertical axis is at 
store all the axis positions needed to smoothly record the | home position) 
jesired path. In practice, the device is moved actually through 
he desired path manually and the position of each axis is (x?+Y? -L - 12) 
-ecorded on a constant time base, thus generating continuous “1 


Inverse kinematic equations are : 


E = cos 
me history of each axis position. con [ JAA ] 
12.22 Four Axis SCARA (Selective Compliance Assem- a GQ ware P 2 (Y, X) ) 
bly Robot Arm) (Fig. 12.50) r i xX? +Y? -L - A 
= COS 
SCARA is suitable for light duty applications such as | JAS 


in electronic assembly. It has parallel shoulder, elbow, and s 
wrist rotary joints, and a linear vertical axis through the 

. - W=R-S-E 
centre of rotation of the wrist. It can be programmed for X, 
Y, Z Cartesian system and rotary angle R for the tool. All VS Aek 


other dimensions and angles can be compute by algorithm 
in controller. 


Elbow joint 
Shoulder 


joint joint 






Kinematics of robot manipulators is study of geometric 
and timing aspects of rotary motion. A robot can be treated 
as kinematic chain of rigid bodies interconnected by revolute/ 
prismatic joints. 

For performing any task by robot manipulator, motors 
controlling various movements have to be actuated, trajectory 
planned, programming done to achieve desired motion 
control. Eaa 

Kinematics can be analysed either in direct way or 
inverse way. If task is to be controlled by joint (it is direct) 
aul if joint manipulation is determined as function of task 


(it is inverse). 





Fig. 12.51 
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of mechanical, electron- 


. A technology for application 
ol and oper- 


ics and computer based systems to contr 

ate systems. 

(a) Automation 

(c) PLC 

(d) Microprocessor based systems 

. System used for manufacturing product wit 

high demand rates and volumes. 

(a) Fixed automation 

(b) Office automation 

(c) Programmable automation 

(d) Flexible automation 

. System in which product equipment is designed with 

capability to change the sequence of operations to 

accomodate different product configurations. 

(a) programmable automation 

(b) home automation 

(c) factory automation 

(d) plant automation 

. System in which no production time is lost while re- 

programming the production system and altering 

the physical set up. 

(a) plant automation 

(c) flexible automation 

(d) programmable automation 

. Design and geometric modeling, engineering analy- 

sis, computer, kinetics, drafting are the main func- 

tions performed by ..... system. 

(a) Supervisory Control and Data Acquisition 
System (SCADA) 

(b) Distributed Control System (DCS) 

(c) Computer Aided Design (CAD) 

(d) Computer Aided Engineering (CAE). 

. Sequencing and control operations are performed 


(b) Sequential controller 


h very 


(b) fixed automation 


(a) Programmable Logic Controllers (PLC) 

(b) Computer Based Control System 

(c) Computer Numerical Control Machine (CNC) 
(d) Computer Aided Design (CAD) 

. Which of following is not advantage of automation 
(a) reduced investory 

(b) quality improvement 

(c) reduction is manufacturing lead time 

(d) reduction in cost of row material 

k amusa technology collects data from one or more 


distant facilities and/o imi 
r sends | i l 
to the other facilities a 


(a) Supervisory control 
System (SCADA) 

(b) Distributed Control System (DCS) 

(c) Computer Aided Design (CAD) 

(d) Programmable Logic Controllers (PLC) 

. In... machine the numbers, | 


nisa in an appropriate for 
ot instructions for a partic 


and Data Acquisition 


letters and symbols are 
m at to define a program 
ular work part or job. 


MULTIPLE CHOICE QUESTION 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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S WITH ANSWERS ~ 


(a) Computer Aided Design (CAD) 

(b) Distributed Control System (DCs) 

(c) Programmable Logic Controllers PLO) 

(d) Computer Numerical Control Machine ( 

PLC operates on ..... signals. 

(a) analog (b) digital 

(c) impulse (d) frequency 

Scan time of PLC is the time required for 

(a) PLC to scan the inputs, execute the pro 
providing the output signals 

(b) read all input signals 

(c) execute all instructions 

(d) transferring program from one PLC to other 

Typical scan time of a PLC ranges from 

(a) 1 to 20 milli seconds (b) 1 to 50 milli seconds 

(c) 1 to 100 milli seconds 

(d) 2 to 50 micro seconds. 


CNC), 


gram and 


(a) Hand held (b) Personal computer 
(c) Industrial programming terminal 
(d) Laptop. 


The main function of ..... module is to take signals 

from field devices, modify, isolate and send to PLCs 

CPU. 

(a) stepper motor (b) communication 

(c) output (d) input. 

TN language is used commonly, for program- 

ming the PLC 

(a) Ladder diagram (b) English 

(c) Assembly level (d) Machine. 

ree timer is used in PLC to ensure that the pr 

gram scan is completed in a timely manner. 

(a) On delay (b) Retentive 

(c) Off delay (d) Watchdog. 

The meaning of downloading term 1s . 

(a) transferring program from programming won 

(b) transferring program from output device to Pi 

(c) transferring user program from 
programming device 

(d) transferring program from me 

The meaning of uploading is 

(a) transferring program from pro 

(b) transferring program from outpu 

(c) transferring user program from 
programming device pLCs 

(d) transferring program from memory t0 Joad 

The process of starting a computer system : 

ing instructions from a secondary storage 

the computer memory is called 

(a) Duping (b) Booting 

(c) Downloading (d) Uploading y microP” 

One of the main feature that distingu’ 

cessor from micro-computer is 


mory to PLCs 


0a 
into 
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cess 


Microprocessor does not contain I/O devices 
words are shorter in microprocessors 

words are usually larger in microprocessor 
Exactly the same as the machine cycle time 

at type of control pins are needed in a micropro- 
or to regulate traffic on the bus, in order to 
prevent two devices from trying to use it at the same 


(a) 


(c) 


(d) 


time? 
(a) Bus control (b) Interrupts 


(c) Bus arbitration (d) Status 


Which of the following memories must be refreshed 
times per second? 


many 
(a) Dynamic RAM (b) Static RAM 
(c) EPROM (d) ROM 


_ How many address lines are needed to address each 


memory location in a 2048 x 4 memory chip? 
(a) 10 (b) 11 
(c) 8 (d) 12 


_ Arobot specification is characterised by 


(a) payload (maximum load capacity) 

(b) reach (maximum distance it can reach in work 
envelope) 

(c) precision and repeatability 

(d) all of above 


. Disadvantage of robot can be 


(a) lack of decision making power 
(b) damage to robot/other devices 
(c) human injuries 

(d) all of above. 


. Arobot in which operator performs the task manu- 


ally and records the motions for later functioning is 
called 

(a) fixed sequence robot 

(b) variable sequence robot 

(c) playback robot 

(d) freely programmable robot 





L. (a) 2. (a) 3. (a) 4. (c) 
9. (d) 10. (b) 11. (a) 12. (c) 
17. (a) 18. (c) 19. (b) 20. (a) 
25. (d) 26. (c) 27. (a) 28. (c) 


27. 


28. 


29. 


30. 


31. 





A robot with means to understand its environment 

and the ability to successfully complete a task de- 

spite changes in the surrounding is called 

(a) intelligent robot 

(6) numerical control robot 

(c) freely programmable robot 

(d) SCARA robot. 

Degrees of freedom needed to fully place an object in 

space and also oriented as desired (move and rotate 

along X, Y and Z axes) is 

(a) 4 (b) 5 

(c) 6 (d) 7 

Robot with 5 degrees of freedom is capable of 

(a) rotating about 3 axes and moving along X and Y 
axes 

(b) moving along X, Y and Z axes and rotating about 
2 axes 

(c) rotating about 3 axes and moving along Z and Y 
axes 

(d) rotating about 2 axes and moving along 3 axes. 

Degrees of freedom of human arms is 

(a) 5 (b) 6 

(c) 7 (d) 4 

Seven degree of freedom robot is not used in indus- 

try because 

(a) it is not required 

(b) of high cost 

(c)it requires high computing power and time 
because there is no unique solution for 7 DOF 
robot 

(d) same can not be realised. 


5. (c) 6. (a) 7. (d) 8. (a) 
13. (a) 14. (d) 15. (a) 16. (d) 
21. (c) 22. (a) 23. (d) 24. (d) 
29. (a) 30. (c) 31. (c) 
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